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A GREAT DYNAMO FOR THE PARIS 
CENTRAL LIGHTING STATION. 


THE distribution of electrical energy over an exten- 
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| advantage will be highly appreciated when we have to pre-arranged absence of condensation, notwithstand- 
}establish motors of a mechanical power exceeding 10|ing the power to be produced, which exceeds 2,000 


| kilowatts. These can then be installed on a difference 
| of potential of 220 volts, electrical tramways with over- 


steam horse power when all the machines are working. 
The economy of fuel effected by means of condensa- 


sive area, writes M. Hospitalier, in La Nature, involves | head or underground conductors being on the con-| tion in an installation on this scale is of little import- 
either the indefinite multiplication of the number of ' trary supplied by the total difference of potential of !ance as compared with the increased simplicity and 


stations or the employment 
of high tensions, if we would 


safety of working gained by 
its suppression. Kach of these 





avoid expensive systems of 
eanalization. The success of 
distribution by alternating 
currents and transformers de- 
pends on the facility with 
which these high tensions can 
be produced and transformed 
into low tensions in order to 
be utilized. Unfortunately, 
alternating currents involve 
serious dangers, and, from 
their very nature, are ill- 
adapted to applications of 
motive power, and cannot be 
employed at all for electro- 
chemical operations. 

If to these objections we 
add the impossibility of stor- 
ing up energy distributed un- 
der the form of alternating 
currents, we can easily under- 
stand why, in the greater 
number of cases, electricians 
should hesitate to use these 
currents, and why so many 
attempts are made to effect 
distributions by means of the 
continuous current, if not at 
a high tension, at least at an 
average tension, in order to 
retain both the advantages of 
high tensions from an econo- 
mical point of view and the 
facilities of employment and 
storage offered by the contin- 
uous current. 

Among the numerous sys- 
tems of distribution having 
regard to these facts, either 
proposed or realized during 
the last few years, that adopt- 
ed by the company of the sec- 
tion of the Place Clichy is 








Type producing 160 kilowatts. 


Fig. 3.—DYNAMO WITH RING AND INNER POLES; SIDE VIEW OF THE BRUSHES. 


Place Clichy differs only in its dimensions. 


The tyre of 350 kilowatts installed for the service of the 


steam engines of 600 H. P. 
turns at an angular speed of 
65 revolutions per minute and 
works directly a continuous 
current multipolar dynamo 
producing 700 ampéres and 
450 to 500 volts, or 350 kilo- 
watts. These are the most 
powerful continuous current 
dynamos at 500 volts that 
have yet been made. The 
armature is a Gramme ring 
3°3 meters in diameter and 58 
centimeters in thickness, with 
eight fixed inner poles. This 
ring is mounted on a project 
iug star of 30 rays. It con- 
sists of a number of sheetsfof 
iron supported on spindles of 
bronze, fixed on to the star, 
which is cast iron. Fig. 1 
shows the construction of 
this colossal armature ; Fig. 2 
shows the winding of it, the 
coil consisting of 2,000 spirals 
formed of rectangular bars of 
coppe: Thie ormeture has 
no eolleetor, properly sv call- 
ed; the external portion of 
the bars with which it is 
wound serve to collect the 
current by means of eight 
series of brushes placed at 45° 
from each other. As the speed 
of the outer bars attains 12 
meters per second, the brushes 
must rest very lightly in or- 
der to avoid wear and loss of 
work by friction. This result 
is obtained by mounting the 
brushes on flat brass springs, 
which gives them great flexi- 
bility. All the brushes, more 


worth describing somewhat in detail, for it shows once | 440 volts, economy always being kept in view through- | over, are mounted on one common frame, which en- 


again the varied and, we may say, inexhaustible re-| 


out the system by employing, in each case, the highest 


sources which the electrician has at his disposal for} potentials compatible with the good working of the 


the solution of problems that are apparently most 
complicated. The problem solved in this case is the 
following : 

Given a general system of canalization supplied by 
dynamos waintaining between the two conductors of 
the canalization a differenée of potential of 440 volts, 
to divide this difference of potential into four equal 
parts of 110 volts each, on which it will be possible to 
establish utilizing apparatus that can be varied at will 


GRAMME 
DIA- 


Fie. 1.—CONSTRUCTION OF THE 
RING ARMATURE, 3.3) METERS IN 
METER. 


either in number or in power, without affecting the 
working of the other apparatus connected with the 
system. 

_ It is, moreover, possible to connect apparatus work- 
ing at differences of potential higher than 110 volts, and 
thus to obtain a distribution at several potentials, al- 
though the central station may only furnish one. This 


| receivers or other apparatus used. In order to under- 
| stand the economy of this arrangement, we must ex- 
| amine in turn the central station, the canalization, the 
distribution and the regulating apparatus. 
Central Station.—The ceutral station established in 


ables them all to be brought in contact with the bars 
at onee, and all to be at the same time brought into or 
displaced from the position corresponding to the sup- 
| pression of the sparks, a position which varies accord- 
ing to the load on the machine. 
? The brushes can be displaced longitudinally along 
‘the rods which support them, so as to distribute the 





| 
| 
| 
| 








the Rue des Dames, at Batignolles, in a splendid build- 
ing erected for the purpose, comprises a series of tubu- 
lar boilers, producing steam at a pressure of from 6 to 
7 kilogrammes per square centimeter. This steam 
supplies three horizontal steam engines, of the Corliss 
type, each driving a large dynamo and three Arming- 
ton & Sims engines of less power, each working two 
smaller dynamos. The only fact worth mentioning 
from a mechanical point of view is the intended and 








Fie. 2.—LARGE GRAMME RING BEING WOUND. 


friction and equalize the wear, which is, however, 
very slight, of the collector. Fig. 3, which represents a 
dynamo of less power, but of the same type, shows 
clearly the arrangement of the ermature colleetor and 
brushes, as just described. Itis a type producing 160 
kilowatts, used in less important stations ; a model of 
this type was shown at the Universal Exhibition of 
1889. The three large dynamos at the station of the 
section of the Place Clichy differ from this type only in 
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dimensions and power. The armature alone weighs | versed twice in every revolution. So far as I am able 
eight tons, and special precautions had to be taken for] to discover, that isa combination found in every prac- 


its construction and transport from the works of the 
Alsatian Mechanical Constructions Company at Bel- 
fort, where it was made, to Paris. The three dynamos 
are connected directiv, in the plan of the works, with 
two thick bars of copper, between which a difference 
of potential of from 450 to 500 volts is maintained. 
The excitation of each dynamo is equally established 
between these two bars, and may be regulated 7 
means of a rheostat introduced into the circuit. Each 
rheostat may be manipulated indepeadently in order 
to allow of the introduction or suppression of each 
machine in derivation on the bars, but all the rheo- 
stats can be connected together and manipulated at 
the same time for purposes of general regulation. 


INVENTIONS OF THOMAS 


DAVENPORT.* 
By FRANKLIN L. PoPR. 


THE year 1837 warked a very important era in the 
history of the industrial development of electricity. 
During that year, two of the most extraordinary inven- 
tions of the present century made their advent in this 
city—the electric telegraph of Prof. Samuel F. B. Morse 
and the electric motor of Thomas Davenport. The 
motor came first. 
blacksmith, who had invented and constructed his mia- 
chine in a remote country village in a crude form as 
early as 1834, came to New York in February, 1837, 
bringing with him some of the machinery which had 
been made for the purpose of exhibition, by himself 
and Ransom Cook, with a view to enlisting capital to 
build a large motor. During the season of 1887 he oe- 
eupied rooms in the city where he exhibited models of 
his motor and various other electrical inventions. 
Articles were published in the newspapers of the day, 
and his exhibitions were attended by a great number of 
people. In letters written about that time, Davenport 
mentioned that one of the most frequent visitors was 
Professor Morse. 

With the history of Professor Morse and his inven- 
tions of the telegraph the world is quite familiar. With 
the history of Davenport and of the invention of his 
electric motor—as I soon discovered in endeavoring to 
obtain information about it myself—searcely anything 
was known. This difficulty ultimately led me to in- 
terest myself in trying to find out more about the mat- 
ter. 
more successful than one can reasonably-expect to be, 
in attempting to resuscitate the histury of an invention 
which has lain nnkrown cor the best half of a cen- 
tury. 

The first newspaper notice of the electric telegraph 
which appeared in America was in the New York 
Observer in the summer of 1837. I will read you an ex- 
tract from it: 

“A gentleman of our acquaintance several years 
since suggested that any intelligence wight be com- 
municated almost instantaneously hundreds, if not 
thousands, of wiles, by means of very fine wires, pro- 
perly coated to protect themjfrom moisture, and extend- 
ing between places thus widely separated. It is well 
known that the electric fluid occupies no perceptible 
time in passing many miles on a wire, and if it is pos- 
sible by connecting one end of the wire with an elec- 
trical or gaivanic battery to produce any sensible effect 
whatever at the other, it is obvious that if there are 
twenty-four wires, each representing a letter of the 
alphabet, they may be connected with the battery suc- 
cessively in any order, and if so connected in the order 
of the letters of any word or sentence, that word or sen- 
tence could be read or written by a person standing at 
the other end of the wires. All the paragraphs of a 
newspaper could thus be touched by a man in Phila- 


THE 


delphia, and the contents, verbatim et literatim, con- | 


veyed to New York as fast as a compositor could set up 
the type!” 

It has always been a mystery to me what invention 
was referred to in that article. The New York Observer 
was edited at that time by a brother of Professor 
Morse. “* The gentleman of our acquaintance” referred 
to was no doubt Professor Morse, but what was meant 
by the telegraph of twenty-four wires I could never 
make out, because we all know that Morse never enter- 
tained any idea other than that of a single circuit 
telegraph at any time from the beginning of his experi- 
ments in 1835, or earlier. But I received a few days 
since a letter from a gentleman who had read some 
articles recently published by me in reference to 
Davenport's works in which he stated that he visited 
Davenport's exhibition in the summer of 1837, here in 
the city of New York, and that he himself saw in that 
exhibition a mode! of a telegraph of twenty-four wires 
invented by Davenport, and that model must un- 
doubtedly be the telegraph referred to in the extract I 
have just read. 

In pursuing my investigations into the history of 
Davenport’s work, | was fortunate enough to find that 
several of his original models were still in existence. 
One of these models, a circular railway two feet and a 
half in a diameter with a locomotive traveling on it, 
similar to the one which we have hereto-night but very 
much more finely finished, | was able to satisfy myself 
by contemporaneous evidence was built in 1837. The one 
which is before you was found in the cabinet of the 
Female Seminary in Troy, formerly Miss Willard’s. 
The records of the institution show that it was pur- 
chased in 1840, but it evidently must have been built by 
Davenport himself prior to the more finely finished 
model of which I have just spoken, which was con- 
structed in 1836-37 with the assistance of Mr. Ransom 
Cook of Saratoga, an ingenious person and a finished 
mechanic. I thing there is no doubt that the model 
before us was built in the early part of 1837 and possibly 
as early as 1836. Fortunately it is, as you see, in a very 
good state of preservation, have had it mounted to- 
night with the same battery that was found with it— 
a three cell Grove battery of pint caps—and I think 
we shal! flud that it isin tolerably fair running order. 
— model was set in motion.] It does not go quite a 

undred and twenty miles an hour, butit goes. This 
locomotive, you will observe, has a fixed fleld maguet 
below, and a revolving armature above, which is re- 


* Rend before the American Inetitute of Electrical Engineers, February 
24, 1801. 
% See The Hlectrical Engineer, Jan. 7 et seg, 


Davenport, a self-taught Vermont | 


In this undertaking [ was fortunately very mneh show 


tical motor to-day, which Davenport was the first to 
make known and to use in 1834. The motor is con- 
nected to the driving axle by bevel gear. The field 
and armature in the model before you are connected in 
series, In the other model of 1837 of which I spoke, 
they are connected in shunt. Among other models of 
| Davenport was one having a horse shoe field and a four 
| pole armature with curved pole pieces, which is really 
| quite an advanced type of motor. That also was built 
in 1887. Altogether, Davenport, between 1834 and 1840, 
built over 100 motors of different patterns and of vary- 
ing sizes, scarcely any two of them alike. I discovered 
also, quite to my surprise,that he was undoubtedly 
the first to make use of the solenoid with a movable 
core, as & means of moving machinery of any kind, 
He built in 1839 quitea large motor operating upon 
that principle, which from the best deseription I have 
been able to find of it, must have approached one horse 
yower. He set that up at 42 Stanton Street, in New 
York : attached a priuting press to it and started to 
publish the pioneer electrical journal of America—a 
small weekly paper called The Hlectro-Magnet and 
Mechanics’ Intelligencer, printed by electrical power. 
Through the kindness of Mr. Davenport’s son, Rev. 
Willard G. Davenport, I have the pleasure, on his be- 
half, of presenting to the American Institute of Elec- 
trical Engineers two copies of that paper. [Applause. } 

These, so farasis known, are the only editions ever 
published ; they are number one and number two. 
This was in 1840. I have received within a day or two 
an interesting letter from H. 8. Davenport, a nephew 
of Thomas Davenport, still living in Vermont at an ad- 
| vanced age, who, asa boy, was with him a great deal 
jand in that way became quite familiar with his work. 

I will take the liberty of reading extracts which give 
|some idea of the manner of man Mr. Davenport was. 
| He says : 

**Many of his models never left his shop and were 

but little known even at the time of their construction. 
| They were only wade to show to how many uses the 
power could be applied, and also to work from on a 
larger seale, if he could get pecuniary aid to doso. The 
different models which interested we most at the several 
| times | was in his shop were a trip hammer, a turning 
lathe and a machine for doubling, twisting and reeling 
|cotton or silk, all at the sametime. A circular frame 
| fitted with two intersecting tracks, on which four minia- 
| ture cork images glided around, he called his ‘* puppet 
He was naturally of a retiring disposition, 
| but when waked up was very strong in argument. His 
two favorite subjects were nature and electromagnet- 
lism. He considered wagnetism the most important 
element in the creation of the universe, and thought it 
would be in its destruction. Magnetism kept the 
heavenly bodies in their places, and if that failed 
leverything would be turned to chaos. He could see in 
every rock of the earth the battery of which it was 
|composed. So also in the animal kingdom, the bones, 
| muscles, and blood constituted a complete battery, 
which exercised a repulsive or attractive force wi h re- 
spect to avother organism of the same kind. He was 
a great lover of fun and exceedingly fond of a joke. 
On one occasion he received an order from a party in 
Chicago for half a dozen bottles of electricity. He said 
he knew by the tenor of the letter that it was intended 
as a joke, and he accordingly replied that he bottled 
up his wrath for such would-be ignoramuses as he was, 
but had no electricity for him.” 

I might go on and relate many other facts of interest 
| which I have learned about Mr. Davenport and his in- 
ventions, but the houris already late, and 1 will for- 
|bear. But I may remark in conclusion that I find 
|bim to have been one of the most interesting charac- 
| ters with whom I[ have ever become acquainted, and 
| Il cannot but feel highly gratified that my attention 
|echaneced to be directed to the subject, in season to 
rescue at least some of the more important of his work 
| from impending oblivion. In two or three years more 
it would have been too late. There are people now 
|living, although at an advanced age, who knew him 
and remember him perfectly, but in a year or two more 

perchance they will be gone. [Applause. ] 





LIGHTNING 
By N. D. C. Hopa@ss. 


Ln seeking a means of protection from lightning dis- 
charges, we have in view two objects--the one the pre- 
vention of damage to buildings, and the other the 
prevention of injury to life. In order to destroy a 
building in whole or in part, it is necessary that work 
should be done ; that is, as physicists express it, energy 
is required. Just before the lightning discharge takes 
place, the energy capable of doing the damage which 
we seek to prevent exists in the column of air extend- 
ing from the cloud to the earth in some form’ that 
makes it capable of appearing as what we call elec- 
tricity. We will, therefore, call it electrical energy. 
What this electrical energy is, it is not necessary 
for us toconsider in this place; but that it exists 
there can be no doubt, as it manifests itself in the 
destruction of buildings. The problem that we have 
to deal with, therefore, is the conversion of this en- 
ergy into some other form, and the accomplishment 
of this in such a way as shall result in the least in- 
jury to property and life. 

When lig tning rods were first produced, the science 
of energetics was entirely undeveloped ; that is to say, 
in the middle of the last century scientific men had 
not come to recognize the fact that the different forms 
of energy—heat, electricity, mechanical power, etc.— 
were convertible one into the other, and that each 
could produce just so much of each of the other forms 
and no more. The doctrine of the conservation and 
correlation of energy was first clearly worked out in 
the early part of this century. There were, however, 
some facts known in regard to electricity a hundred 
and forty years ago ; and among these were the attract- 
ing power of points for an electric spark, and the con- 
ducting power of metals. Lightning rods were, there- 
fore, introduced with the idea that the electricity 
existing in the lightning discharge could be conveyed 
around the building which it was proposed to protect, 
and that the building would thus be sav 

The question as to dissipation of. the energy in- 
volved was entirely ignored, naturally ; and from that 
time to this, in spite of the best endeavors of those in- 





| 





terested, lightning rods constructed iv accordance with 
Franklin’s principle have vot furnished satisfactory 
protection, The reason for this is apparent when it ig 
considered that this electrical energy, existing in the 
atmosphere before the discharge, or, more exactly, in 
the column of dielectric from the cloud to the earth 
above referred to, reaches its maximum value on the 
surface of the conductors that chance to be within the 
column of dielectric; so that the greatest display of 
energy will be on the surface of the very lightning 
rods that were meant to protect, and damage results, 
as so often proves to be the case. 

It will be understood, of course, that this display of 
energy on the surface of the old lightning rods is aided 
by their being more or less insulated from the earth, 
but in any event the very existence of such a mass of 
metal as an old lightning rod can only tend to produce 
a disastrous dissipation of electrical energy upon its 
surface—‘“* to draw the lighting,” as it is so commonly 
put. a 

Having cleared our minds, therefore, of any idea of 
conducting electricity, and keeping clearly in view the 
fact that in providing protection against lightning we 
must furnish some means by which the electrical en- 
ergy may be harmlessly dissipated, the question arises, 
“Can an improved form be given to the rod, so that it 
shall aid in this dissipation ?” 

As the electrical energy involved manifests itself on 
the surface of conductors, the improved rod should be 
metallic ; but, instead of making a large rod, suppose 
that we inake it comparatively small in size, so that 
the total amount of metal running from the top of the 
house to some point a little below the foundations 
shall not exceed one pound. Suppose, again, that we 
introduce numerous insulating joints in this rod. We 
shall then have a rod that experience shows will be 
readily destroyed—will be readily dissipated—when a 
discharge takes place; and it will be evident that, so 
far as the electrical energy is consumed in doing this, 
there will be the less to do other damage. 

The only point that rewains to be proved as to the 
utility of such a rod is to show tbat the dissipation of 
such a conductor does not tend to injure other bodies 
in its immediate vicinity. Ou this point I can only say 
that I have found no case where such a conductor (for 
instance, a swall wire or gilding) has been dissipated, 
even if resting against a plastered wall, where there 
has been any material damage done to surrounding 
objects. 

Of course, it is readily understood that such an ex- 
plosion cannot take place in a confined space without 
the rupture of the walis (the wire cannot be boarded 
over); but in every case that I have found recorded 
this dissipation takes place just as gunpowder burns 
when spread out on a board. The objects against 
which the conductor rests may be stained, but they are 
not shattered. 

I would, therefore, make clear this distinction be- 
tween theaction of electrical energy when dissipated 
on the surface of a large conductor and when dissi- 
pated on the surface of a comparatively small or easily 
dissipated conductor. When dissipated on the surface 
of a large conductor—a conductor so strong as to resist 
the explosive effeet—damage results to objects around. 
When dissipated on the surface of a small conductor, 
the conductor goes, but the other objects around are 
saved. 

Franklin, in a letter to Collinson read before the 
Reyal Society, December 18, 1755, describing the par- 
tial destruction by lightning of a church tower at New- 
bury, Mass., wrote: **Near the bell was fixed an iron 
hammer to strike the hours, and from the tail of the 
hamwmer a wire went down through a small gimlet hole 
in the floor that the bell stood upon, and througha 
second floor in like manner, then horizontally under 
and near the plastered ceiling of that second floor, till 
it came near a plastered wall; then down by the side 
of that wall to a clock, which stood about twenty feet 
below the bell. The wire was not bigger than a com- 
mon knitting needle. The spire was split all to pieces 
by the lightning, and the parts flung in all directions 
over the square in which the church stood, so that no- 
thing remained above the bell. The lightning passed 
between the hainmer and the clock in the above men- 
tioned wire, without hurting either of the floors, or 
having any effect upon them (except making the gim- 
let holes, through which the wire passed, a little big- 
ger), and without hurting the plastered wall, or any 
part of the building, so far as the aforesaid wire and 
the pendulum wire of the clock extended ; which latter 
wire was about the thickness of a goose quill. From 
the end of the pendulum, down quite to the ground, 
the building was exceedingly rentand damaged. . . . 
No part of the aforementioned long, small wire, be- 
tween the clock and the hammer, could be found, ex- 
cept about two inches that hung to the tail of the 
hammer, and about as much that was fastened to the 
clock, the rest being exploded, and its particles dissi- 
pated in smoke and air, as gunpowder is by common 
fire, and had only left a black, smutty track on the 
plastering, three or four inches broad, darkest in the 
middle, and fainter toward the edges, all along the 
ceiling, under which it passed, and down the wall.” 


MATHEMATICAL THEORY. 


There is stored up in each cubic centimeter of the 
colump of dielectric from the cloud to the earth, just 
before the lightning discharge, an amount of electrical 


energy given by the expression — KE*, where K is the 
8x 


specific inductive capacity of the dielectric air, and E 
the electro-motive intensity, both in electrostatic units. 
This expression is given on p. 156, vol. i., second edi- 
tion, of Maxwell’s ‘* Treatise on Electricity and Mag- 
netism.” Substituting the values of K and E (remem- 
bering, of course, that they are in electrostatic uvits), 
and reducing, we find that the amount of energy in- 
volved amounts very nearly to one foot-pound for each 
eubie foot of air involved. If we consider that the 
dissipation of this electrical energy takes place through- 
out the whole length of the column of dielectric from 
the cloud to the earth, we shall see that all the energy 
that we have to care for in our lightning rod is that ex- 
isting in the section of the column contained between 
two horizontal planes passing through the top and 
foundation of our house respectively. This may not, 
of course, be strictly true, but it must be essentially. 
No reason can be assigned why the electrical energy 
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should disappear at the top, or at the bottom, or at 
the center, of the column of dielectric in which it ex- 
ists, so that it is reasonable to maintain that what we 
call a lightning flash is simply a line of air in which 
the electrical energy is being dissipated as heat. The 
energy, therefore, is transmitted, not from the cloud 
to the earth or from the earth to the eloud, but hori- 
zovtally frow all portions of the dielectric to some cen- 
tral core where it appears as heat, and where the phe- 
nomenon we call a lightning flash is manifested. 

One result of this consideration is that, in order to 
produce the amount of energy which is known to exist 
in lightning discharges, the radius of the column of di- 
electric at the surface of the earth must be very con- 
siderable, in order that there shall be a sufficient mass 
of air to furnish, at the rate of one foot-pound per 
ecubie foot, enough energy to produce the well known 
results.—Science. 


HIGH SPEED ELECTRIC RAILWAY WORK.* 
By O. T. Crosby. 


THE experiments here reported were the first serious 
efforts ever made to at once double railway speeds, 
and as such should, I think, be systematically reeorded.+ 
They were made for the Electro-Automatie Railway 
Co., of Baltimore, Md. 
about four years ago by David G. Weems, who, though 
not an engineer, was convinced that the electric 
motor would give very high speeds for the transporta- 
tion of parcels. His persevering enthusiasm resultedin 
inspiring a number of gentlemen to subscribe money 
for the venture. 

Mr. Weems first contemplated having an entirely | 
automatic service from city to city, the cars to be | 
smaller than would be necessary for placing a man. 
The experimental motor and track are shown in 
Fig. 1. 

For purpose of demonstration, a cireular track nearly | 
two miles in circumference was laid at Laurel, Md.; 
gauge, 28 in.; weight of rail, 16 lb.; shape, ‘I’; cross | 
ties, 3 X 4 in. square, 16 in. apart. Wooden string- | 
ers 3 X 4in. were laid outside each rail, serving as | 
guards. Mud sills 3 x 4 in. were laid under the ties, 
and to the ties was built up a vertical framework on | 
both sides of track, this carrying from 2 X 6 in. cross 
pieces a wooden stringer, suspended above the middle 
of the track, while to the lower surface of the stringer 
was attached a small T rail, head down. This upper 
rail was intended to serve as an electric conductor, and 
also, in connection with upward pressing wheels, as a 
guide. The latter function was not successfully per- | 
formed, the lateral oscillation of the car, on so slight a | 
track, being too great. Part of the track was on trestle- | 





Sp me 
Fie. 1.—THE WEEMS HIGH SPEED ELECTRIC 
RAILWAY, AS OPERATED AT LAUREL, MD. 


work crossing a swamp, the overflow of which caused 
frequent washouts. 

The locomotive was very simple. Three axles car- 
ried 28 in. wheels; on these were hung a steel box, 16 
ft. iong X 24 in. high X 30in. wide. A slight vertical 
play of the box was provided for by springs, but, hori- 
zontally, the three axles were iu rigid connection. On 
each of these axles it was designed to place a motur. 
The head was pyramidal; the weight of the car with 
three inotors was about three tons. A second similar 
box of steel was made to be drawn by the motor ear, 
the two to be connected by a ball and socket arrange- 
ment, the interval between cars to be flanged over so 
that only one surface should be presented to meet at- 
mospherie resistance. The tail was pyramidal. The | 
second car was not in use more than once. 

The track work and cars was completed as above 
outlined when the matter was brought to the Sprague 
Electric Railway and Motor Company, with the request 
that they design motors of which the armatures should 
be placed directly on the three driving axles of the car. 
the construction of which was already nearly finished. 

It was further conditioned that the motors should do 
20 horse power of work each at a normal speed of about 
3,000 revolutions per minute. This corresponds to a car 
speed of about 250 miles per hour. Needless to say 
that on so light a track, none of which was straight. 
and with a ear weighing three tons, and with only 60 
horse power available for work, no such speed was at- 
tained. The motors were carefully designed by Mr. 
H. F. Parshall, of the Sprague Company, for a normal 
lmpressed E M. F. of 500 volts, and thoroughly filled 
the specifications. They were to be connected in 
multiple across the 500 volt cireuit supplied with cur- 
rent from a dynamo made by the Edison Machine 
Works. When the motors were finally mounted and 
ready for action, it was found almost impossible to 
start the car, due probably to stiff bearings, and when 
several trials of speed had been made, the results were 
disappointing. 

Up to this time the electrical work had received only 
such engineering attention as could from time to time 
be given by employes of the Sprague Company, much 
occupied in other ways. It became evident to the 
Baltimore company that any satisfactory accomplish- 
ment could be had only through the continuous atten- 
tion of some one having had electrical experience. 

As superintendent of the Sprague Company, I had 
been familiar with the manufacture of the motors, 
and had moreover visited the plant ; hence in October, 
1889, it was arranged that further experiments should 
be under my direction. Throughout the work Mr. = 








_” A paper read before the American Institute of Electrical Engineers, 
New York, February 24, 1891, President W. A. Anthony !n the chair, 
+ Pressure of other work has prevented me from carefully sntaning | 
Cc. 


the calculations appearing in this paper.—O. T. 


This company was organized | nected in multiple are. 


J. Dashiell, Jr., M.E., and Mr. H. F. Purdy, of the 
Sprague Electric Company, were of constant assistance, 
| both in conception and execution of all that was done. 

Work having been resumed, it was soon found that 
a given speed could be attained with less currentif twe 
motors were in service than with three, and conse- 
quently the motor on the middle axle was removed. It 
seems probable that, when running, this nwiddle motor 
was largely occupied in skidding the wheels driven by 
it, since the two outer axles, on a yielding track, 
would doubtless support the greater part of the weight. 
In any case, the two motors were able to produce a 
greater speed than the track could stand. hese ma- 
chines were of the U type. The armature was wound 
with 100 sections of No. 12 B. W. G. wire, each section of 
twoturns. This armature, with its commutator, was 
rigidly mounted on the axle. The pole pieces were at- 
tached to brackets centered on the axle, the keeper 
was spring-supported on across piece carried by the 
steel casing. Bearings were of phosphor bronze and 
lubrication by oil from an ordinary cup. No trouble 
|on this score was experienced. Each magnet core was 
wound with 120 turns of No. 4 B. W. G. wire. At 30 
amperes the armature induction was about 80,000 lines 
per square inch. Outline of the motor is shown in 
Fig. 2. These motors, since wound, according to speci- 
| fieation, for the 500 volt cireuit, were originally con- 
This connection was changed, 
they being placed in series, thus diminishing the poten- 
tial control required atthe station by reason of the 
fact that the machines were run at aspeed so much be- 
low that for which they had been calculated, 

To supply the current, contact was made between 
the upper rail and brushes of sheet copper set against 
the rail by springs. These served their purpose well. 
The retarn circuit was through the wheels and rails, 
the steel casing being insulated from the axle by fiber 
plates end washers at joints and bolts. Rail bonds 
(covering joints in upper and lower rails) were used 
throughout; the resistance of the external circuit 
from the feeder junction to a point diametrically op- 
posite was about 0°25 ohm. The station was placed 
inside the circle, about 200 ft. from the track. The 
generator was a 70 h. p. Edison machine, not com- 
pounded originally, and was driven by a 90 h. p. high- 
speed Ball engine. At first a wire resistance of about 
12 ohms was used to lower the potential on the line, as 
it was not convenient to ran the dynamos at less than 
400 volts. Later, a whisky barrel was filled with 
water, aniron plate, 8inches square, was placed in the 
bottom, a similar plate was fixed to the end of an iron 
rod and this rod attached to the pulley, permitting 
easy lifting or dropping of the plate through the water. 
These plates being connected in the wain circuit, a 
very serviceable liquid rheostat resulted, which, when 
* taken with a grain of salt,” answered excellently the 
purpose of regulating currents which often went as 
high as 150 amperes. 

The usual course of a run was this: Speed-observers, 
as many as could be had, up to five or six, were sta- 
tioned around the circle, distance apart being known. 
Watches of these observers and of recorders who read 
current and potential were compared. Potential read- 
ings were taken at station and at one or two points on 
the line, permitting easy reduction to horse power. 
Mr. Dashiell, my assistant, then took the engine and I 
managed the dynamo. A current of from 20 to 40 am- 
peres usually started the car. The size of the armature 





| going in the direction usually followed, varied . 











—the current permissible for any length of time. This 
value was usually attained in the first half wile of run, 
a considerable part of the external resistance having 
been cut out. When the car had attained a speed of 
75 to 100 miles per hour, the line potential was in the 
neighborhood of 450 volts, the iron plates in the barre! 
being in contact, having been slowly approached as the 
counter EK. M. F. increased. The time limitation of the 
runs was invariably caused by failure of the track to 
serve its purpose. On three occasions the car left the 
track ; once at 45 miles per hour, once at 80 miles per 
hour, and onee, the last time, at about 115 miles per 
hour. Curiously enough, on the two former occasions 
the derailment was to the inside of the cirele, super- 
elevation being about four inches. 

It was easy to tell in the station when a derail- 
ment was imminent, as the ammeter was most vio- 
lently agitated by the make and break of the cirenit 
caused by the particularly bad spots in the track. The 
agitation increased with each trip around the cirele 
aud ended in a run-off, or, after some experience 
had been gained, in a cessation of the trial. As the 
track limited the length of run in time, so also it limit- 
ed the speed obtainable. Each trial—the longest be- 
ing about twenty-two mwinutes’ consecutive ranning— 
was followed by an overhauling of the track, requir- 
ing from a few hours’ to a week’s work by four or five 
nen. 

Could the experiments have been made on a road- 
bed and track deemed even second-class according to 
steam railway standards of rail weight, etc., there can 
be no question that without any other change the car 
could have maintained for several hours a speed of 120 
wiles per hour. Indeed, I know of no time limitation 
that would have arisen save that from a limited oil 
supply. 

The speed obtained in the first rounnd—that is in the 
first 9,240 feet—varied from 30 to 75 miles per hour; 
this determined by the management of the rheostat. 
The rate of acceleration from point to point in going 
round the circle was irregular, due to the gra. ‘« yery 


to 2°5 per cent. 

The fact that ‘the track—always bad—went rapid:, 
from bad to worse during each ran, wade it difficult to 
analyze the records with a view to determining the trne 
coefficient of traction. Moreover, the coefficient for 
such atrack, even in its best condition, would be greater 
than for the track that would necessarily be built for 
actualservice. The figures obtained were of little worth 
as far as fixing absolute values at very high speed, but 
at least served to show the error of many train resist- 
ance formule found in the text books. Some of these 
formule give good enough results when used for the 
low speeds on which they are based, but their algebraic 
form is such as togive rise to great error when higher 
speeds, say 80 to 120M. P. H., enter. This whole mat- 
ter of train resistance has been more fully treated in 
a paper, * Limitations of Steam and Electricity,” read 
by me before this Institute on May 21, 1890. The 
particular element of atmospheric resistance, for which 
special experiments were made at Laurel, was fully 
treated in a paper read by me before the West Point 
branch of the Military Service Institute, and publish- 
ed in London Engineering, issuesof May 31 to June 13, 
1890. 

Using for atmospheric resistance figures resulting 
from the experiment herein referred to, we may ana- 


wires limited to about 90 amperes—45 in each machine | lyze thus : 


RUN OF 
Time of ist round, 3°8 minutes. 
‘ o- o* 


. ‘ “ 


2d 


OCTOBER, 1889—FLAT 
Average speed = 2430 F. P. M. 


HEADED CAR. 
= 28 M. P. H. 


= 8300 F. P. M. = 37°4 M. P. H. 


Average rate of work done by motors in 2d round = 15°0H. P. 495,000 ft Ib. per minute. 
Average horizontal effort in 2d round = 495,000 + 3,300 = 150 lb. 
Hi <2 re K: - for atmospheric resistance = 30 lb. 


se “ « a ry 
“ te oe se se 


se “ . os 


for acceleration (approx.) = 10 Ib. 
for other resistances = 110 Ib. 
per ton = 110+ 24 


= 46 lb. 


RUN OF NOVEMBER 13, 1889—FLAT HEAD. 


Time of 1st round = 4 
“ oq a 
» 


25 minutes. 
se 


St St oo 


= * = 3 


Average rate of work from middle of second to middle of 3d round = 


= 511,500 ft. |b. per min. 


= 3700 F. P. M. = 42°0 M P. HL 


Average speed = 2170 F. P. M. = 24°7 M. P. If. 
a7 — 


42°) M. P HL 


15°5 H. P. 


6s = 3700 F. P. M. 


Average horizontal effort = 511,500 + 3700 = 138 Ib. 
- = ‘* for atmospheric work = 36 Ib. 


se “ “ 


“ se “ 


“ “ 


for acceleration = 0 lb. 
for other work = 102 Ib. 
per ton = 102 + 24 = 42°5 Ib. 


RUN OF NOVEMBER 13, 1889—PYRAMIDAL HEADED CAR. 


Po 


Time of 1st round 0 minutes, 


@ “* =20 * 
“ 34 “ 3293 * 
“ gh * =335 “ 
“ Sth “ =235 “ 
“ 6th ee = 2°25 a7 


Average rate of wor 


“ 


Average speed = 2410 F. P. M. 


262 M Pr. H. 


= 4620 F. P. M. 52°4 M. P. H. 


- = 3678 F. P. M. = 41°S M. P H. 
- = 3678 F. P. M. = 41°83 M P. H. 
hd = 3678 F. P. M. = 41°3 M P. H. 
“ = 3678 F. P. M. = 41°38 M. P H. 


in last four rounds = 16°0 H. P. = 528,000 ft. Ib. 
horizontal effort = 528,000 + 3678 = 144 Ib. 
_ ** for atmospheric work = 24 lb. 


a = “for acceleration = 0 Ib. 
so ss ** for other work = 120 lb. 


ry se ss 


RUN OF DECEMBER 3, 1889— 


Time of 1st round 


2 “ = 


4°3 minutes. 
1°51 = 


Average speed = 2070 F. P. M. 


per ton = 120 + 2°4 = 50 Ib. 


PYRAMIDAL HEADED CAR. 


= 23°5 M. P. H. 


= 6120 F. P. M. = 70°0 M. P. H. 


Average rate of work in 2d round = 41 H. P. = 1,353,000 ft. Ib. 
© horizontal effort = 1,353,000 + 6,120 = 221 Ib. 


« = 4 lb. 80 


7 4 “for atmospheric work = 38 Ib. 
7 ” ‘* for aeceleration 
a) “ a) 


“ “ ad 


for other work 221 — 80 = 141 Jb. 
for ton = 141 + 2°4 = 58°7 Ib. 


The highest speed attained at this ran was 90—95 M. P. H. Track was very bad, car derailed. 


RUN OF DECEMBER, 1889—-WEDGE HEADED CAR. 


Speec maintained at 100 M. P. H. 


was done, but records do not permit accurate determination of this. 


with rate of work = 44 H. P. 


Moreover, some work of acceleration 
Omit acceleration, and we have : 


Average speed = 8,800 F. P. M. = 100 M. P. H. 

” horizontal effort = 44 < 33,000 + 8,800 = 165 Ib. 
= ‘* for atmospheric work = 48 Ib, 

for other work = 117 Ib. 

per ton = 117 + 2°4 = 48 lb. 


“se 


ry ry ir 


te + 





12746 








Highest speed attained this ran — 110 to 120 M. P. | 
Track better than in last run, but car was derailed at 
maximuin speed. 

hese values, 46°0, 42°5, 50°0, 58°7 and 48°0 lb., should 
be corrected for curvature, making them 30°7, 284, 
33°4, 38-1, and 32 Ilb., respectively. Other and lower 
values were obtained when the track, as at first, was 
in better condition. But these earlier runs were not 
recorded in exact figures. The rails were in all cases 
rusty. 

The speed at which this derailment took place could 
not be absolutely determined, since the car left the 
track at some distance from the last two observers, 
whose time records gave the speed attained bet ween the 
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ously flow through the open center of the armature 
(Gramme type) How far the rate of dissipation 
would be carried by such means cannot now be known, 
but all recent evidence (see experiments of Mr. Ken- 
nelly) goes to show that the heat capacity would be 
mach increased. 

The cross section of core in the armatare was 3°5" x 
40°—140 square inches gross, or, deducting 15 per cent. 
for paper insulation between disks and 8 per cent. for 
conduetor slots cut in periphery, 110 square inches net. 
Through this armature it was desired to force 22,000,- 
000 lines (C. G. 8. units) or 100,000 per square inch 
— 15,000 per square centimeter. 

The hysteresis loss in such armature revolving at 
1,200 R. P. M. (equivalent with 42 inch wheel to 150 





points of observation. It was clear, however, that the 
final speed was between 110 and 120 miles perhour. A 


M. P. H.) was calculated to be about 3,000 watts—fol- 
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Fie. 2.—THE WEEMS ELECTRIC 


length of 1,000 ft. of track was injured, about 300 ft. of 
the upper framework wrecked, and the car itself was 
landed about 30 ft. from the track, having finally 
eeaees the guard rails while going over a fill 4 or 5 ft 
1igh. It seemed clear that the Laurel plant had pass 
ed its days of usefulness. Nothing further of value 
could be done without practical rebuilding. It was 
then time to make new plans, and this work was at 
onee begun by Mr. Dashiell and myself. At the outset 
I felt that—if for no other than commercial reasons— 
we should plan for the carrying of passengers as well | 
as parcels. This meant an increase in the size of cars 
and a change from an attempt at automatie control to 
control by human intelligence on the locomotive. 

For purposes of demonstration I proposed to the 
company that they should build a track about four} 
miles (not less) in circumference and should run there- 
on a train of two or three cars drawn by one locomo 
tive. Calculations were based on the following data: | 

(1) A speed of 150 miles per hour on a level was to be 
aimed at. 

(2) Cross section of car should be a minimum, con-} 
sistent with the seating of passengers. This was taken 
at 6 ft. by 5 ft. 30 sq. ft. (crowning higher along mid- 
dle of ear). 

(3) Gauge of track should be standard—4 8°5". 

(4) Character of track should be simply the best that 
art could contrive, rails to be from 65 to 90 Ib. 

(5) Electromotive force should be as high as the art | 
of insulation would permit. 

(6) Whatever might be the nuwber of cars in a train, 
all were to be soconnected as to present a continuous 
exterior, thus presenting only one cross section to the 
atmosphere. 

(7) Atmospheric resistance at 150 miles per hour 
would be taken at 15]b. per square foot of cross section, 
a wedge or parabolic locomotive head being used. This 
value is 50 per cent. in excess of that indicated by our 
experiments. 

(8) Traction coefficient, exclusive of air resistance, 
would be taken at 150 miles per hour to Ge 25 lb. per) 
ton—this for reasons set forth in previous papers. 

From the two resistance coefficients just given, it 
followed that for every square foot of cross section, re- 
gardiess of weight, 6 horse power would be required, 
and for every ton of weight, regardless of cross sec- 
tion, 10 horse power must be supplied. 

For a locomotive of about 600 horse power having 
30 ft. cross section, the dead weight was calculated to 
be about 18 tons. Steel cars of equal cross section were 
designed, weighing, empty about 5 tons, with carrying 
eapacity of about 5 tons. 

The important question as to power required could 
then be thus tabulated : 











| 
10 M. P. M. | 120 M. P. B. 





} 
Locomotive alone Donnas ocnnbeeeesenssoecces OO HL. P. 238 Hw. P. 
Locomotive and one car loaded “o | oo * 
Locomotive and two care loaded ,. at = “4656 * 
Locomotive and three cars loaded | 6 = as * 





LOCOMOTIVE—ORIGINAL PLAN. 


lowing the curve published by Esson. The C* RB loss 
(C = 1385 amperes, R = 0°26 ohm when 7’ = 75° C)= 
4,740 watts—or about 8,000 watts for the two losses. I 
found it difficult to obtain such coefficient as would 
give reliable values for loss due to Foucault currents. 
With very thin plates it would not be large. From 
what precedes, it followed that the number of arma- 
ture conductors should be 340. These were divided 
into 170 sections, wound in one layer, each conductor 
to lie in a slot; both slot and conductor were planned 
to be rectangular, or nearly so, with the reservation 
that experience in manufacturing would soon show the 
proper detail. 

The magnets have a cross section of 164 square 
inches, through which 14,300,000 lines of force must 
pass, the increase fromthe number in the armature 
being determined by a leakage coefficient 1°3. 

The magnet coils of the two armatures were calcu- 
lated to be in series with each other, but in shunt with 
respect to the twoarmatures. This variation from pres- 
ent street car practice I thought to be justified by the 
following considerations: First, no system of commu- 
tation could obviate the need of a considerable external 
resistance, which then could be easily made sufficient, 
within itself, for speed control ; second, the maximum 
torque for a given armature current is always desirable 
and can be best obtained by permanent saturation ; 
third, this constant and maximum magnetization 
would tend to diminish sparking—an evil to be spe- 


























To perform the work here indicated two motors were 
provided, one armature directly on each of the two 
axles of the locomotive car. These motors, outlined in 
Figs. 3, 4 and 5, were of the Manchester type. They 
were supposed to be at first connected in multiple are | 
across a 1,500 volt circuit, each taking about 130 to 150 
amperes and delivering about 250 to 300 horse power. 
Should it be desired to experiment with higher | 
line potential, the motors in series would permit 
3,000 volts to be easily tried. The armatures of the 
Gramme type are 30 in. outside, 23 in. inside diameter. 
The armature conductors were to be of about 40,000 
circular wils, cross section, or from 500 to 600 ¢. m. per 
ampere. Many successful machines, designed to work 
indoors, go as low as this figure, aud since the dissipa- 
tion of heat must in such case proceed more slowly 
than in the case here considered, the figure seemed 
very safe. Moreover, it was intended to introduce a 
blast of air from the car front which should continu- 
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Fig. 3—-HIGH SPEED ELECTRIC LOCOMOTIVE. 
HALF CROSS SECTION. 


cially avoided in long distance work, involving contin- 
uous runs of several hours. 

While it was thus intended to use shunt coils at first, 
I felt that a little experience would soon positively 
demonstrate that the advantage lay with this or the 
series winding. 

The commutator, Fig. 3, was designed to be 23 inches 
in diameter, which would of course give rise to a very 
high speed relative to the brushes. I believe it better 
to face the mechanical trouble that might be con- 
nected with great circumferential speéd rather than 
to diminish the diameter by decrease of sections, since 

| this in turn might prodace sparking. 








| Without going into the mechanical details of the 
commutator, I may add that a single bar could be 
‘taken out or replaced, without removal from the 
shaft. 

The rheostat for the armature circuit was designed 
to be of iron wire, with the expectation, however, of ex- 
perimenting also with liquid or carbon resistance. The 
resistance and heat capacity of this main line rheostat 
were determined with reference, first, to current ne- 
cessary for starting, second, to currents needed for 
maintaining low speeds. The starting current on 
practically level track was calculated to be from 300 to 
400 amperes, the load being 80,000 pounds (or locomo- 
tive and three loaded cars). For continuous running 
at 30 wiles per hour, a current of 40 amperes would be 
required, the counter E. M. F. of each of the 1,500 volt 
motors being, at this speed, only 320 volts. The line 
»0tential being 3,000 volts, it would be necessary to 
lave in the armature circuit an external resistance of 
3000-640 
— —— The wires were calculated to 


59°0 ohms = 
stand 40 amperes continuously, and the various sec- 
tions were proportioned to stand the various currents 
for such time as would serve to bring the train up to 
speed. It was, of course, known that a considerable 
reduction iu the size of resistance box could be 
effected by winding the motors for the regular line 
potential, thus normally working them in are, but 
putting the armatures in series where a great redue- 
tion iu speed might be required. 

A small rheostat and a coudenser were designed to be 
placed in the circuit of the magnet coils, and a rheo- 
stat also in the lamp circuit, these resistances giving 
delicate control. 

The problem of retardation for a mass of say 40 tons 
running at 150 miles per hour is a serious one. The 
Galton and Westinghouse tests indicate a very low 
value for the coefficient of frietion between brake-shoe 
and wheel, at high speeds; they report in some cases 
at 60 M. P. H. as low as 0°04. As, however, it rapidly in- 
creases at lower speeds, an average of 0°'l may be 
taken. The total retarding effort, 7. e., brake resist- 
ance and track and atmospheric resistance, must be 
kept below that which will just produce sliding of the 
wheels, and the coefficient of sliding may be taken on 
an average at 0°38 of the weight of the wheels. If then 
we represent by P the maximum allowable brake pres- 
sure on the wheels. by R resistances other than brake 
friction, and by W the weight on braked wheels, we 
may write the following inequality : 0°1 P+ R <0°08 W. 

The value of P should be determined as that which, 
with asmall wargin, will satisfy this condition of ine- 
quality. 

Following this caleulation, it was found that a brake 
pressure of about 5,000 pounds should be applied to 
each wheel. This was designed to be produced by 
magnetic brakes similar to those used by Mr. Daft on 
the New York Elevated Railway. The form and ap- 
a dimension of those brakes are shown in 

ig. 4. 


A mass of 80,000 pounds moving at 150 miles per, hour 
represents 64,000,000 foot pounds of energy. Average 
resistance due to brakes = 01 x 60,000 = 6,000 pounds. 
Average resistance from track and atmosphere for av- 
erage speed of 75 miles = 400 pounds. 

In addition, the motors may be required to generate 
a current which shall be wasted over the rheostat. 
Since the field circuit, in the case o1 shunt motors, is 
independent, magnetization way remain constant, and 
average K. M. F. of 1,500 volt motors (%. e., motors gen- 
erating 1,5(0 volts K. M. F. at 1,100 R. P. M. or, with 42” 
wheels, at 150 KE. M. F.) would be, while the train was 
coming to rest, 750 volts. Make the external resistance 
such that, the two armatures being in series, an aver- 
age current of 200 amperes shall flow. The average 
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Fie. 4—HIGH SPEED ELECTRIC LOCOMOTIVE. 
BRAKE MECHANISM. 


dynamo resistance in pounds = 2,000. Total retard- 
ing effort = 6,000 + 400 + 2,000 = 8,400 pounds. Di- 
viding 64,000.000 by this last quantity, we have 7,620 
feet as the length of run to come toa stop, and the 
time of stopping about 100 seconds. 

For the mechanical construction of the locomotive, 
two plans were contemplated. One has a 12-foot rigid 
wheel base and no pilot wheels ; the other has a 7-foot 
wheel base for the drivers and a pony axle in front, 
free to move laterally over a certain distance, dragging 
the drivers in the same direction. This is the general 
principle of pilot wheels, so largely used on high speed 
engines. This second arrangement, Fig. 5, is preferred. 
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In it nearly all the weight goes on the drivers. In this 
particular case, total weight of locomotive is about 18 
tons, each motor being six tons. Of the total 15 tons 
rest on the drivers. If then the adhesion coefficient, 
while running, be taken at only 0°1, a circumferential 
effort of 3,000 pounds may be exerted without slipping 
the wheels. ‘This is safe, since if 600 h. p. of work be 
required at 150 miles per hour ( = 13,200 f. p. m.), the 
600 x 33,000 
—_— = 1,500 pounds. 
13,200 
starting the load, adhesion coefficient may be taken at 


horizontal effort = 


25, giving 7,500 pounds possible pull, this being much | 


in excess of the value required. 

The locomotive construction is such as to put the en- | 
tire weight of the armature directly on the axle. In 
designing this, I did not overlook the fact that the} 
armature must thus be subjected to much jarring. | 
But I believe the difficulty should be met by excellent | 
mechanical construction, rather than that spring 
movement should in any way be attempted. For| 
mechanism that shall succeed in high speed, long time | 
service, simplicity is a requirement of the first order. 
Indeed, generally, in this work of connecting an elec- 
trical motor to any vehicle, I have long felt that he 
who is over-ingenious in contriving many parts and 
fine adjustments may not be over-successful. 

The weight of the magnets and pole-pieces goes also 
direetly on the axles, save for the intervention of rub- 
ber plates having a maximum play of 1-16 of an inch. | 
By the use of motors of the ‘YU ” type, part of the! 
weight might be [spring-supported, but on the other 
hand it is not as easy, with that type as with the Man- | 
chester, to obtain a perfectly sparkless motor. 
over, the weight going dead on the axlesin the case 


feet intervals on each side of the track. The trough 
to be about 5.5 feet above the ground. The conduct- 
ors for each side of the circuit to be two—one insu- 
lated and continuous; the other a bare, flat strip, 
broken into sections, these being normally out of cir- 
cuit; the locomotive trolley arm operating a switch 
which shall throw out the rear section, and throw into 
circuit the section ahead. Such a switch was designed 
in detail. 





For| As to what the line voltage should be, progress in the 


art of insulation can alone determine. It would, of 
course, not be necessary, on a road way for long-distance 
travel, to consider the death-producing voltage as a 
limitation. 

In the important matter of limiting curvatures, calcu- 
lations were made in the ordinary way, using the par- 
ticular values for weight and height of center of 
gravity. A safe speed was then tabulated as that 
which is just one-half the speed that causes the result- 
ant of weight and centrifugal force to pass through 
the outer rail of a curve. The beneficial effect of 
superelevation, neglected in the calculation, would, of 
course, practically increase the factor of safety. 

The following table resulted from the wethod de- 
scribed : 

Safe speed by rule above 


Radius in feet. in miles per hour. 
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considered is not greatly in excess of that due to 8- 
foot drivers and other attachments of large steam lo-| 
comotives. Further the need of any spring movement 
decreases with increasing perfection of track work, as | 
in an ideally perfect track car springs would not, save | 
on curves, come into play. 

In the first design of locomotive cars, the operator 
is to sit between the two motors, where also would be 
placed the controlling devices. In the second design, 
the operator would be placed over the pony axle, the 
— being chiefly in the cylindrical or parabolic | 
head. | 

Detailed drawings of freight and passenger cars 
were completed, Lut need not here be referred to. | 

As to the supply of current, it is proposed to use the 
double metallic system. This departure from the 
ground return, now so commonly employed in street 
railway work, seems justified by the following consid- 
erations : 

ist. For a given voltage it diminishes the cost of in- 
sulation, per se. 

2d. It diminishes the danger of accident within the 
motors. 

3d. It diminishes danger of accident to workmen. 

4th. By being thus more easily handled, it is prob- 
able that a higher voltage will be found practicable 
than with the ground return ; hence, in fact, even first 
cost might not be greater. 

As designed, the conductors will be placed in an in- 
verted wooden trough, attached to posts placed at 12 





| station potential. 

















5.—HIGH SPEED ELECTRIC LOCOMOTIVE—END OF CAR, ELEVATION, AND PLAN. 


Of course, naught save practical trial could deter- 
mine whether the assumed factor of safety, which is 
quite large enough at present speeds, would, in fact, be 
right for the higher speeds aimed at. 


COMMERCIAL ASPECTS. 


Copper calculations were made, based ona station 
potential of 3,000, and also of 6,000 volts, stations being 
50 miles apart (thus supplying current 25 miles on each 
side) and on a service requiring one train on each 25 
mile section, the drop on the line being 33 per cent. of 
Then for a line of 1,000 miles, as 
from New York to Chicago, with copper at 15 cents 
per |b., and for 3,000 volts initial : 


Per mile, 
Cost of conducting system, including 
FURUROWOER. 0.000 ccccccnsceses are $7,000.00 
Cost of station per mile, including 
Rik crbcecintan ephibeencnmmenenin 3,000.00 
Cost of double track, including de- 
PO Din cs wetiannanthehes shanna 55,000.00 
Cost of train equipment, 3 cars each, 
50 trains and engines .............- 1,000.00 
Detad Wee MAIR. 04 oc scccccscsserces $66,000.00 


In this the cost of track construction is based on road- 
bed figures reported for the Erie Railway Co. To arrive 
at operating expenses, suppose 20 trains each way each 


favor of this being 


day, and a schedule of 125 miles per hour, ¢. ¢., 8 houys 
for the trip. Suppose a station development of 800 
horse power per train on the line, or 64,000 horse 
power hours per trip. In stations of large capacity 
working under the supposed conditions, the cost of one 
horse power hour = 0°90 cent (see tables in previous 
paper, “ Limitations of Steam and Electricity”) or per 
trip for power a cost of $57.60. For train men, sup- 
pose two men on each train, and | per train in reserve, 
and suppose $3 00 per man per trip of 8 hours, then 
cost per train trip = 3 xX 3 = $9.00. Interest charged 
per train trip = 


$66,000,000 x 0.05 + 365 x 40 = $225.42. 


For maintenance of way (see Wellington's Statistics), 
take $1.000 per mile of double track per annum, or per 
day for ee line, $2,700.00 ; or per train trip, 2,700 
+ 40 = $67.50. For general expense of operating com- 
peay. suppose $1,000.00 per day—or per train trip $25.00. 
‘or wear and tear, oil, ete., on train itself, take $10.00 
per trip. Then total = 56.60 + 9.00 + 225.42 + 67.50 + 
25.00 + 10.00 = $394.42. For receipts: 

Suppose average train be of two cars (such as de- 
signed), having each a capacity of about 10,000 Ib. 
freight (considered such, as express and mail matter), 
or of say fifteen passengers. Suppose average train 
load of, freight, 15,000 lb., of passengers, 20. Take 
freight at 33 cents per cwt., passengers at $25.00. The 
income per trip in either case—$500.00; showing pro- 
fits, over fixed charges of say $100.00 per trip, or 
$4,000.00 per day. The total daily load of freight, each 
way, required to justify the service above treated, is 
300,000 lb., or if 200 through passengers be carried (7. ¢., 
ten trains for passengers each way each day), then cnly 
150,000 lb. of freight. The present movement between 
New York and Chicago, in mail and express, is not far 
from this figure. A five hundred mile line, connecting 
Boston, New York, Philadelphia, Baltimore and 
Washington, would be even more profitable. It is to 
be remembered also that a service of small trains is 
contemplated, making fixed charges relatively very 
large. uch iarger trains could be, and I think 7i// be, 
run at the speeds here considered, but I have supposed 
that the smaller effort would precede the larger. It is 
further to be noted that the use of 6,000 volts potential, 
and the extension of some existing roadway instead 
of the building of a new one, would diminish first cost. 
As grade crossings would be out of the question, and 
as cities would require to be entered above or below the 
surface (country roads to be carried over on bridges), it 
is perhaps best to consider only the larger figure already 
used. 

To demonstrate all or nearly all that has been out- 
lined in this paper will cost about $300,000, covering 
the construction and operation for a reasonable time 
of the four mile circular line proposed above. Last 
year the Baltimore company met unexpected difficulty 
in efforts to raise the needed money ; their operations 
were suspended and my connection with them ceased 
just atthe time when the plans were completed—even 
to working drawings. I have been much pleased to 
learn, within the last few days, that far from being 
discouraged, they are now confidently hoping that 
they may push on in the near future the great work 
to which they have laid their hands, 

Unfamiliar as is the project, you will perhaps be 
the more ready to share the confidence of its promot- 
ers, on hearing the words from Prof. Henry A. Rowland 
and Dr. Louis Duncan, of Johns Hopkins, to whom 
were submitted, last spring, full details of the plans 
partially described in this paper, after reviewing the 
figures for power required. They say : 

** We believe from the data obtained that the values 
given are not too low, and that the horse power which 
Mr. Crosby calculates is not less than the amount re- 
quired. While we have investigated carefully and 
considered all the data obtainable, yet the existing 
experiments are not sufficient to accurately fix a limit 
to the train resistance. We believe, however, that the 
value assumed by Mr. Crosby is safe.” 

‘The motors,the calculations and drawings for which 
are in the appended statement, will deveiop the horse 
power for which they are designed, namely, 500 horse 

wer. We point out some modifications which will 

e beneficial. We believe that they will drive the train 
(locomotive and two cars, 0. T. Cc.) at the required 
speed.” (Italics here and elsewhere are mine ; speed 
then considered, 120 miles on a level. 0. T. C.) 

“The possibility of a train being derailed by an ob- 
struction on the track increases with the speed. At 
speeds up to 90 miles, however, there seems no increase 
in the number of derailments. In the case in question, 
the center of gravity of the cars is very low, and it would 
be difficult to derail them on straight parts of the track. 

“ The radius of the curves should of course be great, 
but not so great as would be required for an ordinary 
train going at these high speeds. The question of 
safety is, however, almost wholly a question of track 
construction. Considering the form of the proposed 
train, its comparatively light weight, making a less de- 
mand on the track, it is certain that, with a carefully 
constructed road, it could attain with safety speeds 
which would be impossible with trains as at present 
construct -d. As these latter have several times made 
86 miles, and often made 80 miles, 7¢ would seem that a 
speed of 120 miles or even more, with the electric cars, 
would not be outside the limits of safety.” 

“‘The plan for supplying current to the motors is 
feasible.” 

** The design of the motors 
report. It is generally good. 

“Should it be demonstrated by an actual test that 
passenger trains can be run safely and econowiecally at 
a speed over 100 miles per hour from here to Chicago, 
the financial aspects of the case would certainly be im- 
proved. We are of the opinion that the chances are in 
accomplished by the present 


is discussed in the detailed 


scheme.” 

These words, though guarded and accompanied by 
criticism of the detail, are yet a substantial approval of 
what was submitted. Tome they were very encourag- 
ing. 








Four storage battery electric cars on the Lehigh 
Avenue Railroad, Philadelphia, have been withdrawn 
after successful use for a considerable period. The 
business of the road was insufficient to support the 
electric plact, which costs nearly as much for a small 





number of cars as for a large number. 
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TRAIN SHED OF THE GRAND CENTRAL 
PASSENGER STATION, CHICAGO. 
On the evening when the station was formally 


opened to the public a great display of incandescent 
lamps was wade in the train shed, and the brilliant 
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Another point of interest is that the bolt has no| cartridge holder (Fig. 6). Before the cartridge 
It is pushed straight in from the clip the bullet is entirely within the chamber, 
The moment j and forms a guide to lead it forward. 
| ceases to hold the rear end of the cartridge, the ex- 


turning wotion on its axis. 
and out, and is locked by a drop catch. 
it is home the eatch takes against a fixed projeetion in 
the body, which resists the rearward action of the 
powder pressure. The first action of drawing back 
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Fie. 2—TRAIN SHED OF THE GRAND CE 


effect was much admired. As the installation has been 
yronounced one of the finest plants equipped in the 
West by the Edison company, the accompanying illus- 
tration, Fig. 1, showing the distribution of the lights 
in the train shed, will be of interest 

In fhe train shed there are 336 32-candle power lamps 
arranged in clusters. These lights are so wired that 
they may be lighted in ten sections from the dispatech- 
er’s office. In this way the shed may be illuminated 
according to the position of any particular train. The 
south and north arches of the train shed are each illu- 
minated by 90 82-candle power lamps. The train shed 
has in all 14 arches, and the suspended clusters are 
wired as represented diagrammatically in the sectional 
view, Fig. 2. The method of wiring the clusters isa 
special one, and was devised to reduce the danger of 
short circuits to a minimum. Bearing in mind that 
bare copper conductors were employed, on account of 
the deleterious effects of the sulphurous fumes from 
the engines, the method of wiring will be readily un 
derstood, In the eut A, B,C and D are double and 
triple porcelain insulators respectively as indicated, 
Studying the cut closely it will be seen that the cross- 
over wires on both sides of the shed have the + sign, 
while the middle section is a conductor with a — sign. 
A little thought will now enable the reader to see the 
advantage of thus wiring an arch—a broken telegraph 
wire would havea poor chance of falling across two 
electric light wires which were not of the same sign, 
that is either say a +- wire and another + wire ora — 
wire and a — wire. The plan of wiring the depot in 
this manner was devised by Lieut. F. B. Badt.— West- 
ern Electrician, 


THE MANNLICHER MAGAZINE RIFLE. 


WE give engravings of the Manolicher rifle, which 
has been very favorably spoken of on the Continent. 
The most striking feature of this arm is that it is not 
designed to be used as a single loader. At all times the 
soldier uses his magazine, no matter how deliberately 
he may take aim. If the cartridges had to be placed 
in the magazine one at a time there would be no gain 
of speed in this arrangement, but rather the contrary, 
for it isa slower operation to put a cartridge into a 
magazine and then transfer it to the barrel than to put 
it direct into the chamber. But, instead of being issued 
singly to thesoldier, the cartridges are sent out in pack- 
ages of five (Fig. 6), held together by a light steel 
clip (Fig. 7), and the whole five, with the holder, are 
placedin the magazine with more ease than one, since 
they present a better finger hold. At each backward 
and forward motion of the bolt a cartridge is pushed 
out of its bolder, forced into the barrel and extracted, 
and as soou asthe last has been removed, the holder 
drops through a hole in the bottom of the magazine 
and falls on the ground. 


INTRAL 





PASSENGER STATION, CHICAGO. 


the handle of the bolt is to lift the drop catch over the 


projection, when the bolt can be readily withdrawn, | 


bringing the empty cartridge case with it. All the 
parts of the bolt (Figs. 2 to 5) can be taken apart with- 
out tools, with the assistance of a small rod which is 
firmly attached to the stock in the position usnally oe- 
eupied by the cleaning rod. The magazine is not in- 
tended to be removed, and is fitted with a spring, the 
platform of which always remains parallel to the cart- 
ridges, and directs their points to enter the chamber. 
Fig. 1 shows the body of the rifle with the bolt 
drawn back. The top cartridge in the magazine can 
be seen standing ready to be driven into the chamber. 
When the bolt is moved forward its round end (Fig. 
3), beyond which the extractor projects (Fig. 1), catches 
the base of the cartridge standing in the clip or 
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is free 
When the clip 


tractor catches it and presses it against the hollowed 
side of the body, along which it slides into its place. 
There is no chance of a jam taking place, however 
fast the feeding may be effected, since the ecart- 
ridge is held both at front and rear. The magazine 
spring lies partly within the steel clip without touch. 
ing it. As soon as one eartridge is removed the re- 
mainder are all pushed up, the pressure of the upper 
cartridge against the turned-in sides of the holder sup- 
porting the latter ; as soon as the last cartridge is put 
into the barrel this pressure is of course withdrawn, 
and the empty holder drops down, leaving a clear 
space for the insertion of another. The spring is 
formed of two blades: the lower is pivoted near the 
bottom of the magazine by one of the serews shown 
(Fig. 1), while the second is pivoted to the first. Ar 
each joint there is a strong spring of considerable 
range, 80 that the cartridges are pressed up steadily 
and firmly to the very last. This pressure is resisted 
by a catch or rib on the back of the holder (Fig. 6), 
which takes against a small catch, provided with an 
external pressing piece at the back of the magazine. 
This piece cannot be seen in the engravings. 

The bolt is made in two pieces, the main part being 
bored from end toend. In its center lies the striker 
with the mainspring (Fig. 4), and in a groove in its 


side is the extractor (Fig. 5). The front end 
of the bolt is closed by a _ screw, having a 
swall hole in it for the striker to pass through. 


In the head of this screw is a gate which receives the 
extractor. By this means the screw is locked and cannot 
chatter back. Into the back of the bolt there slides the 
handle, the two being held together by the striker and 
spring, as by an elastic bolt. To the end of the striker 
is screwed the cocking catch, which engages with a sear 
on the trigger. On the under side of the handle piece 
is a fixed incline, which the wainspring constantly 
tends to draw in between the bolt and the drop catch 
on the latter. This action, however, cannot take place 
until the bolt has been pressed in so far that the drop 
piece (Fig. 3) bas arrived over a cavity cut in the gun 
body to receive it. Immediately this position is attain- 
ed the handle piece can be pushed forward to lock the 
bolt. At the same time the cocking catch hooks on the 
sear, and the piece is cocked ready for firing. In ex- 
tracting, the handle is first drawn back to lift the drop 
eatch over the projection ; during this time the bolt 
stands still. Further motion carries the boit back, and 
with it the extractor and the cartridge. 

It will be noticed that the extracting motion is done 
with a straight pull, aided by the hammering action 
which results from the handle starting in advance of 
the bolt. It appears to us that this is the weakest 
point in the rifle, and we much prefer the cam motion 
in bolt actions such as in the German Mauser. We see 
no reason, however, why the hammering motion should 
not be made greater, and we believe there are several 
very successful rifles with percussion extractors. The 
method of working with five cartridges in the magazine 
does not give a very great reserve for the ‘supreme 
moment” of which we hear so much, but it is contend- 
ed that it forms quite as large a store as a wan can 
make use of. After he has fired five shots in quick suc- 
cession his aim has gone so wild that he would pro- 
bably waste the remainder of his stock if it were any 
larger. The slight relief to the muscles from the change 
of attitude in putting a fresh supply into the magazine 
will enable him to start afresh with greater precision, 
which will more than recoup for the second or two that 
will be wasted. Since the gun is not intended to be 
used as a single loader, it may happen, however, that 
the supreme woment will find the wan with only one 
or two cartridges in his magazine. He way have ceased 
firing for some time, when suddenly a furious rush 
upon his position is made by a superior force. Pro- 
bably he has forgotten how many of his cartridges 
have been expended, and cannot tell how many re- 
main. Yet it is most important that be should havea 
full supply ready against the command to fire is given. 
Uuder these conditions, a very ingenious device is 
brought into play; the catch at the back of the maga- 
zine is pressed, and imme‘liately the holder, with all 
the cartridges it contains. springs out and leaves the 
magazine empty. A new holder is then inserted, and 
the man starts with a full store, and can pour in his 
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five shots with rapidity and precision. For a continu- 
ous rapid fire the Mannlicher clip system is undoubt- 
edly far superior toa magazine wiuch may hold ten 
cartridges, but which has to be loaded one by one, 
and, moreover, it does away with the complication of 
a“ eut-off.” The great rapidity with which the clips 
of cartridges can be inserted does away with the neces- 
sity of carrying a large store of cartridges in the maga- 
zine. We must add in conclusion that the diameter of 
the bullet is 0°320in., and that the weapon has been 
adopted by the Austrian government, the magazine 
principle by the German government, and the French, 
wet hear, are adopting a similar system for their 
eavalry.—Hngineering. 


THE RAINEY BANK TRAMWAY. 


THE accompanying engraving illustrates a suspend- 
ed wire rope tramway, across the Youghiogheny River 
near Connellsville, recently erected for the Rainey 
Bank Coal and Coke Company. The coal mines at this 
place are located on the bluff on the west side of the 
river, and the contour of the ground there was such 
that there was no space available for the erection of 





the necessary number of coke ovens. The only outlet 
for the mines was on the opposite side of the river. A 
bridge across the stream would have been too expen- 
sive, and consequently the plan of a suspended wire 
rope tramway was adopted as a cheaper and equally 
efficient method of transportation. 

The requirements of the plant being too great for 
one cable, the tramway was installed with a double 
system. The two cables are anchored on one side of 
the river in one of the mine drifts and on the other in 
masonry, around which the cables areturned. The 
cables are each two inches in diameter, the span being 
1,000 feet. The cables are close together at the loading 
end and about 30 feet apart at the discharging, allow- 
ing a free passage of the buckets in the middle. 

The haulage rope is an endless steel wire rope five- 
eighths of an inch ia diameter. It passes around a 
grip wheel of peculiar construction, keyed to the crank 
shaft of the engine on the east side of the river, thence 
it passes over the sheaves in the tower, across the river 
and around the sheave in the other tower. The buck- 
ets are two in number, each of 244 tons capacity, 4 feet 
in diameter and 6 feet deep. hey discharge auto- 
matically by a striking lever, the hinged bottoms re- 
turning to place by counterweights, and are held in 
position by strong hooks. 

The tower on the west side of. the river is 40 feet 
higher than that on the east side, and the loaded buck- 
ets run down the incline by gravity. Buckets are 
loading and discharging at the same time and the en- 
gine is reversed for alternate trips. 

The trip of each bucket is made in 30 seconds, and 
with the time occupied in loading and discharging, it 
is estimated that the total capacity of the tramway is 
750 tons per day of ten hours, at an expense not ex- 
ceeding three cents per ton. The tramway was de- 
signed and erected by Mr. F. H. McDowell, of the 
Union Wire Rope Tramway Company, 117 Libert 
Street, New York.—Hngineering and Mining Journal. 








SERVICE FROM LA GOULETTE TO TUNIS 
BY BOAT. 


As our readers know, it is impossible to land passen- 
gers and goods destined for Tunis directly at that city. 
The latter, in fact, is situated on the edge of a salt 
water lake eleven miles in circumference and six 
and a half feet in depth, that communicates with the 
Mediterranean through a narrow canal impracticable 
to ships, and the outer extremity of which is occupied 
by the port of La Goulette. Traders and goods, there- 
fore, have to be put on shore at this port. The dis- 
tance between the two cities is ten miles. 

A railway line exploited by the Italian Rubatino 
Company puts them in communication, and carries 
the passengers. This it does at a very high charge, and 
with a slowness that is often aggravating, certain trains 
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taking more than an hour to make the journey. As for 
merchandise, heavy vessels called ‘ mahones” take 
that aboard, and, entering the canal, arrive at their 
destination whenever they can. Upon the whole, as 
may be seen, this important service leaves much to be 
desired and is performed under the worst conditions of 
regularity. 

So it was with great satisfaction that those interested 
welcomed the advent of the new Compagnie Franco- 
Tunisienne de Transports. This company is rather a 
private association. It consists of fifteen members, all 
of them Frenchmen, who have put up the necessary 
capital. Among them we may mention Messrs. Dau- 
tresme, Ossude & Anson, the delegated adwinistrators. 
The direction of the service is confided to Mr. Advis, a 
former commander of the packet boat Ville de Brest, 
of the Compagnie Generale Transatlantique. 

The com y proposes to do all the carrying of pas- 
sengers poe s between La Goulette and Tunis. Up 
to the present, only the passenger service has been 
organized, but the merchandise service will soon fol- 
low. The boats serving for such transportation are 
ready and the towboat that the company is having 
built will be ready before long. We give a view of the 
steamer, which is now waking four trips daily between 
the two ports. 

It is 68 feet long by 1144 feet in breadth, and is 
capable of carrying 120 passengers, 72 of them upon 
the deck. The wanagement is well conceived and the 
installation very comfortable. It is provided with a 
new style of engine, capable of developing a great power 
(100 horse), under a very small bulk, and built at the 
Saint Denis Works, Paris. 

The company has every chance of success before it. 
The cost of the trip is about a third less than by the 
Rubino Railway, and the mode of lodomotion by water 
is certainly more agreeable than a trip by car, especi- 
ally during summer. Finally, there will be nothing 
left to be desired when, before long, the towboat will 
be regularly bringing to Tunis the merchandise trans- 
shipped at La Goulette upon the company’s lighters. 

In a few days a second boat for passengers will be 
making the trip concurrently with the other.—Z’//lus- 
tration. 








A STEERING SCREW PROPELLER. 


THAT the screw propeller in ordinary use is capable 
of improvement is, of course, a hard fact, and any 
suggestion which will tend to remove its present disad- 
vantages will always be welcome. 

We have had brought under our notice a modifica- 
tion of the present arrangement, which appears to 
offer sufficient features of interest to justify usin lay- 
ing them before our readers. 

Among the disadvantages attached to the ordinary 
screw propeller are the active resistance it offers to the 
maneuvering of the vessel and the consequent waste of 
power and loss of speed ; the inequality of strain on 
the blades during such maneuvering, and the accom- 
panying vibration and jarring. 

In the propeller now under consideration the shaft 





terminates in a universal joi.t whicn connects it with 
a smaller shaft, or, more properly speaking, an exten- 


sion of itself. The center—or connecting—piece of 
this joint is taken as the base from which the propeller 
blades spring, and to which they are rigidly fixed. In 


the case of a two-bladed screw. the blades are best at- 
tached to the center piece at those points where it is 
held by the two arms of the main shaft. Fig. 1 shows 
a sketch of this propeller, and is intended to illustrate 
the principle of the invention rather than its detail. 
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PASSENGERS BETWEEN LA GOULETTE AND TUNIS. 


It seems clear that the pitches of the blades can be 
altered to any extent by changing the position of tbe 
shaft extension, and that any increase in the pitch of 
one blade is accompanied by a corresponding decrease 
in that of the other. For the present purpose, how- 
ever, the movements of the shaft extension must be 
confined to the horizontal plane in which the main 
shaft lies. The methods of supporting this ex- 
tension may be varied, but we will at prese>t 
only describe one—that shown in Fig. 2. It will be 
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seen that a vertical frame is supported at two poinfs, 
one directly above and the other directly beneath the 
center of the joint. This frame is at liberty to swing 
horizontally from side to side at the rear of the serew. 
It carries the end of the extension in a circular bore 
cut in its central part. 

In a horizontal plane the extension can thus move 
with the frame, and at the same time be at liberty to 
follow the rotary motion imparted to it by the main 
shaft. In order to give it stability in the water and 
enable it to act asa rudder when the screw is not work- 
ing, the rear part of this supporting frame is made 
deep from front to back, and is manipulated from 
deck in the same way as an ordinary rudder. 

This coupling of the extension supporting frame and 
the rudder, this as it were Siamese twins arrangement, 
seems to offer some considerations worthy of study. 
The maneuvering power of the vessel seews to be 
greatly increased, its stability in its course is not affect- 
ed, the shaft extension, therefore the ‘* feathering,” 
being under complete control, while no power is lost 
or wasted, as the “ feathering” ualizes the strain 
upon the blades and thus enables the screw to do its 
full work. 

When we come to consider this matter of the “* fea- 
thering” of the blades, we find that when the vessel is 
turning, the propeller is, of course, passing obliquely 
through the water. This is tantamount to saying that 
the water meets the s:rew obliquely ; and the illustra- 
tion (Fig. 3) shows that under these conditions the 
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‘* feathering” of the blades is practically automatic. 
In this horizontal plan the vessel is supposed to be 
turning to the right and the blades to be in a vertical 
position. 
Suppose also that the extension is entirely removed 


from the propeller. Let E F represent the main shaft, 
A B the upper blade, C D the lower blade, and the ar- 
rows the direction in which the water meets the pro- 
peller. Then it is clear that the blades would havea 
tendency to arrange themselves so that the angle which 
the arrows make with each blade should be the same. 
They would, therefore, when vertical, be in the posi- 
tion here shown. Similarly, when the blades are hori- 
zontal, they have a tendency to become of equal pitch, 
for the direction in which the water meets the screw is 
in the same horizontal plane with the blades. Its ob- 
liquity in that plane has no influence on the “‘ feath- 
ering.” 

Now the two positions which have just been shown 
to be natural to the blades when the vessel is turning 
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tothe right are identical with those which the exteu- 
sion, if moved to the right, would impart to them ; 
and in the same way it can be shown that in moving 
from the horizontal to the vertical position, and vice 
versa, the blades would naturally vary iv pitch in the 
same manner and degree as when guided by the 
extension. This “feathering.” therefore, becomes 
automatic after the first womentary effort necessary 
to produce a change in the course of the vessel. The 
same can be shown to be the case when the vessel is 
turning to the left, and the demonstration is equally 
applicable, whether the vessel be going ahead or 
astern. 

In the four-bladed propeller the blades are fixed to 
the center piece of the joint at its four bearing points. 
Two of its blades therefore occupy the same — 
as those of the propeller shown in Fig. 1, and revolve 
in a plane at right angles to the main snaft. The two 
additional blades, however, revolve in a plane which 
is always at right angles to the shaft extension, and in 
that plane they ‘' feather” with the same effect as the 
two original blades. For if the shaft extension be 
moved to the right, the pitch of the upper of the two 
additional blades is reduced, and thai of the lower in- 
creased, the moment of greatest variation being when 
the blades are vertical. (These variations in pitch 
must, of course, be considered relatively to the plane 
in which the blades are working.) When the two 
blades are horizontal, the pitch of one is equal to that 
of the other. It is thus seen that these two blades tend 
to change the direction of the vessel to the right, and 
that the steering effect is greatest when they are ina 
horizontal position. A similar effect is, however, pro- 
duced by the two original blades when in a vertical 
position. The four blades are, therefore, at any mo- 
ment working in harmony and with precisely similar 
effects. This may also be shown to be the ease when 
the extension is woved to the left, and when the vessel 
is going astern. Ina three-bladed screw, one blade 
may be in the same position as either of those in Fig. 
1. The two others are then fixed to the center piece 
of the joint at equal intervals from one another, and 
from the first, the base centers of all three being in the 
plane which passes through the four bearing points of 
the joint, so that when the extension is in the same 
straight line with the main shaft, the plane of revolu 
tion of the blades is perpendicular to that straight line. 
The steering effect of the first blade is due to its “ fea- 
thering,” and that of the two others toa motion de- 
rived partly from “ feathering” and partly from the 
inclined position of the plane of revolution, and it will 
be found that the three blades work in concert similar- 
ly to those of the four-bladed propeller. 

With this method of steering it should be stated that 
there is no vibration in turning, and no speed lost, as 
is the case where the radder alone is used for steering. 
Again, as no power is transmitted through the joint, it 
is subjected to no strain, and is therefore not liable to 

tout of order, while the “‘ feathering” being, as we 

ave said, all but automatic, there can be little strain 
on the extension. The mechanism and working of the 
propeller being simple and natural, and no‘part being 
subjected to any undue strain, the wear and tear is 
therefore reduced to a minimum. Lastly, the blades 
being rigidly fixed to the center piece of the joint, and 
therefore to one another, are as firmly and strongly 
based as in the ordinary screw propeller. It should be 
mentioned that, although many different forms of joint 
may be used, they each and all must embody the prin- 
ciple of Hooke’s universal joint. 

Two other methods of connecting the rudder and the 
shaft extension other than we have described have, we 
believe, been designed. In one, the ordinary rudder 
has been detained in its place behind the propeller, the 
extension support (but not so deep from front to back 
as shown in Fig. 2) and the rudder being linked to- 
gether on deck. In the other plan, the ordinary ruad- 
der is discarded, but the extension support, acting asa 
rudder: swings about a vertical line behind the center 
of the joint, and so carries the extension through a 
smaller angle than that through which it moves it- 
self. 

Toalleraft requiring to navigate crowded or intricate 
water-ways, the propeller we have described should 
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offer many advautages. It seems to differ in some es- 
sential points from every other designed with the same 
object in view, not the least important of which lies iu 
its simplicity. 

The credit of the invention is due to Mr. F. H. White, 
of London.—Marine Engineer. 


PROTECT IRON ORE 
OPERATIONS. 





SEA WALL TO 
MINING 





THE great sea barrier across a portion of the Duddon 
Estuary, in Cumberland, which has been built by Sir 
John Coode for the Hodbarrow Mining Company, to 
enable the excavation of red hematite iron ore to be | 
carried on underneath the sea bed, is a massive and | 
substantial structure, unique in character, inasmuch | 
as itis at one and the same time a breakwater and a 
water-tight dam. It presents au imposing appearance, 
being two-thirds of a mile in length, for the greater 


motion, with three changes of speed, giving a traverse 
of 20 inches to the boring bar, the outer end of which 
is supported by a strong standard. A quick with- 
draw motion is secured by a hand wheel at the end 
of headstock. The machine will admit 18 inches from 
center of boring bar to top of table at its lowest posi- 
tion. The table has a transve. se traverse of 24 inches 
and a longitudinal traverse of 6 inchee, or of 10 inches 
when the face plate is not in use, and this can be fur- 
ther increased by removing the wheels at the top of 
the knee bracket. The vertical, transverse, and lon- 
gitudinal motions of table are self-acting. The mak- 
ers are the Northern Engineering Company, limited, 
Halifax.—/ndustries. 
HEATING CARS WITH THE THERMO- 
SIPHON. 


THE heating of railway cars is a question that the 
severity of the winter of 1890-91 rendered of vital inter. 
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A MINING 


part of which distance the height from the foundations 
to the top of the sea wall is fully fifty feet. At high 
water during spring tides there is adepth of more than 
twenty feet on the seaward face of the work, the sea 
often in southwesterly gales breaking against it with 
great violence. The work was undertaken by the min- 
ing company because on land the ore had been exca- 
vated as close to the sea margin as it was possible to 
work without letting down the fringing surface of the 
land and admitting an influx of the sea, drowning the 
mine.— Daily Graphice. 


BORING AND CHUCK LATHE. 


THE lathe shown below is designed so that when 
large castings are to be operated upon they can be 
placed upon the foundation plate. The fast head- 
stock is arranged with a steel spindle inclosed in a 
east iron barrel, and is fitted with self-acting feed 





SEA WALL. 


est, and, under the pressure of a general demand, the 
companies that were still running short distance trains 
without heat were obliged to introduce heat into all 
the carsand all the trains. In the first and second 
class cars are retained, as a general thing, the ordinary 
hot water foot warmers, despite the numerous manipu- 
lations that they have the inconvenience of requiring. 

For the reheating of these foot warmers, it is neces- 
sary, besides, to have numerous boilers located along 
the line, and this is the main difficulty that has hither- 
to stood in the way of heating trains that run short 
distances, for it often happens that as the extreme 
stations are of slight importance, they have no heat- 
ing installation. From this point of view, it is regret- 
table that the application of acetate of soda foot 
warmers has not been further developed, for the use of 
this salt permits of keeping the warmers hot fora much 
longer time (five or six hours instead of two), and the 
manipulations are thus diminished, while at the same 
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time it is possible to reduce the number of heating in- 
stallations along the line. . 

However this may be, in order to somewhat dimin- 
ish the manipulations of the ordinary warmers, the 
railway companies, as a general thing, as above stated, 
limit the application of them to first and second class 
ears, and to the third class ones apply different pro- 
cesses, such as the use of stoves, heating by hot air 

with briquettes, etc. 

The state railways in particular have applied to the 
ears of all classes of large size mounted on Coates a pro- 
cess of heating by thermosiphons, which, for p- 
gers, presents the advantage of preserving the ordinary 
heaters, while at the same time doing away with the 
manipulations. This apparatus, elaborated by Mr. 
Gallet, of Tours, from ideas furnished by Mr. Parent, 
engineer in chief of materiel and traction, was applied 
upon the bogie cars which this administration sent to 
the exposition of 1889. It presents some important ad- 
vantages which render it particularly recommendable, 
and we have thought that it would prove of interest to 
give a description of it, from an article published in the 
Revue Generale des Chemins de Fer. 

The apparatus consists of boilers fixed under the 
frame of each car that distribute hot water among 
foot warmers placed transversely in each compart- 
ment, under the feet of the passengers. 

Fig. 1 gives a view and section of these boilers, and 
Fig. 2 gives a general view of the installation at the 
extremity of the car frame. As may be seen in Fig. 1, 
the boiler is tubular and consists of two saddle-back 
sections connected by a series of vertical tubes. It 
thus constitutes a sort of tube with open-work walls, 
into which is introduced a brazier filled with burnin 
coke. The entire affair is sarrounded by a horizonta 
jacket with solid walls provided beneath with draught 
tubulures. Those seen in Fig. 1 are provided with 
conical cut-offs for regulating the dranght, and which 
are mounted upon a hollow iron shaft maneuvered from 
the outside by a lever provided with a spring that en- 
gages in the apertures of the sector observed at the 
bottom of the boiler jacket, thus permitting of fixing 
the position of it according to the draught of air de- 
ped | The gases of combustion escape through the 
upper orifice in the jacket. This orifice is so directed 
that no emanations can enter through the doors of 
athe cars placed behiud the one that carries the boiler. 

he jacket is closed by doors at the extremities locked 
by a key to prevent the incandescent coke from escap- 
ing. The boiler is provided with a blow-off cock. The 
hot water issuing from the boiler enters a conduit, B 
(Fig. 2), that runs throughout the length of the train, 
and whence it is led to the warmers by pipes, as shown 
in Fig. 1. The connections have joints provided with 
rubber rings, in order to permit of the sliding of the 
pipes produced by expansion and the suspension of 
the box. These junctions end at chambers situated at 
one of the extremities of heaters containing fifteen 
steel tubes. The water circulates therein and gives up 
its heat to the sides of the tubes, and is led back to the 
boiler by a return pipe, A (Fig. 2), which debouches 
at the lower part of the boiler, so that there is estab- 
lished a continuous circulation between the latter and 
the heaters. 

For disposing of the gases and vapors on issuing from 
the boiler there is arranged upon the distributing con- 
duit a small tube that ddeveches into a special box, ar- 
ranged above B, forming an expansion chamber. An 
analogous box, seen above A, in the section of the car, 
communicates with the return conduit for the feeding 
and storage of water. 

The tubes and the heaters and boilers are of steel 
riveted to steel heads, in order to facilitate expansion. 
They are 10 millimeters in diameter and 1°5 millimeters 
in thickness. They are tested cold under a pressure of 
2 aeegyetianen, and hot at the temperature of ebul- 
ition. 

It will be seen from this description that the manipu- 
lation is reduced to regulation and to the keeping up 
of the fire, and is effected from the outside, without 
its being necessary to enter the car. The grates are 
charged with turf charcoal, which burns slowly, and 
the supply suffices to assure a heating for eighteen con- 






the dead weight, and can be kept in repair at slight 
expense.—La Nature. 








DR. OTTO AND HIS INVENTION. 


THE name of Dr. Nicoiaus August Otto is known all 
over the civilized world as the inventor of the first eco- 
nowical and commercially successful gas engine. In 
fact, he may be called the inventor of the gas engine in 
the same sense, and with as wuch right, as James Watt 
is commonly called the inventor of the steam engine. 
There were steam engines in existence before Watt, 
working with a waste of steam and fuel that would 
make even a colliery owner’s hair stand on end at the 
present day, such engines being possible only at the 
pit’s mouth, and atatime when coal was extremely 
cheap. Watt's invention consisted wainly in trans- 


DR. NICOLAUS 


ferring the condensation from the cylinder toa sepa- 
rate condenser, which again rendered the omission of 
condensation possible, and led tothe ordinary high 
pressure engine. The economy in steam and fuel re- 
sulting from these changes rendered the employment 
of steam engines generally possible, and led to the in- 
dustrial development of the present century, and the 
credit of this is justly accorded to James Watt. In the 
same way, Otto, by arranging the ignition and com- 
bustion of the gas ina manner resulting in an enor- 
mous econowy of gas compared with previous gas en- 
gines, transformed a wasteful into an economical en- 
gine, and led the way to its extensive adoption. 

The difficulties of a scientific appreciation of the ex- 
plosion and combustion processes in a gas engine are 
exceedingly great, in ape of the high tempera- 
ture and short time in which they are completed, which 
makes it the more remarkable that success should have 
been achieved in this line by a man who had neither 
received a scientific or technical training, nor was 
brought in contact with such matters in his ordinary 
avocation. Otto, who was born in 1832, at Holzhausen, 
Nassau, was occupied in purely commercial matters to 
his twenty-ninth year, though having a taste for natu- 
ral sciences he acquired an extensive insight into phy- 
sical questions. hen in 1861 the news arrived that 





secutive hours. Owing tothe regulating cones men- 


Lenoir had succeeded in producing motive power.by 
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Fie. 1—BOILER 


tioned above, the draught of air can be varied accord- 
ing to needs, a regular combustion can be obtained, and 
consequently a very regular heating. The products 
of combustion eseape freely at a temperature that does 
not exceed 75°, and are so directed that they cannot 
— any accident in the passengers’ compart- 
As — be seen, this style of thermosiphon secures a 
regular heating without requiring any wanipulations 
in the interior of the cars, and without being attended 
with any danger of fire or asphyxia. 
‘ From the standpoint of the rolling stock, it has 
he advantage of being capable of being easily installed 
without uiring any modification of the types in use. 


FOR HEATING RAILWAY CARS. 





It can be 


ismoun in summer in order to diminish 





the explosion of illuminating gas, he devoted his 
thoughts to the same subject, and undeterred by the 
fact that the irregularly-acting Lenoir engine was far 
from being a practical success, left his secure position 
and devoted himself to the working out of his ideas as 
soon as he thought he had found the right way. In 
1863 he got his first engine made by a machinist at Co- 
logne, the result of which was little satisfactory, as 
Otto at that time had hardly any knowledge of ma- 
ehine construction. He got into difficulties and de- 
ng ey when he had the good fortune to meet with 

r. Eugen Langen, a member of one of the principal 
manufacturers’ families at Cologne, and to inspire him 
with his own confidence in the future of the gas en- 
gine. Mr. Langen wasa thoroughly-trained mechani- 








AUGUST OTTO. 


calevgineer and skillful designer of machinery, and 
utting Otto’s ideas into a good form, they produced 
he atmospheric gas engine in 1864, which proved a 
success almost from the beginning. 

At the Paris exhibition the three.then existing gas 
engines—Lenoir’s, Hugon’s, and Otto and Langen’s— 
were tested as to their efficiency, when the yn 
tion of gas in these engines was found to be in the 
ratio of 10:6:4, and the prize was awarded to the lat- 
ter, although at first the jury had been incline? to ig- 
nore it altogether on account of ‘its noisy working. 
This testimonial led toa rapid extension of business. In 
1869 the works were removed from their old premises 
in a room in Langen’s sugar refinery to new premises 
at Dentz, and in 1871 the firm was converted intoa 
joint stock company. That the new motor met an ex- 
tensive want is evident from the fact that notwith- 
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standing all its deficiencies, above 5,000 of such atmo- 
spheric gas engines were built, of a quarter to three 
horse power. Otto himself had by this time acquired 
a knowledge of mechanical engineering, and was con- 
tinually occupied in exploring doubtful questions by 
extensive experiments. A room at the Dentz works is 
a kind of museum, containing a series of different en- 
gines studied, tested, and abaadoned, and showing the 
gradual development of the direct-acting gas engine at 
present known by Otto’s name. 

By introducing the four-stroke cycle he succeeded in 
using the power cylinder as comprescor, and arriving 
at a simple construction of engine ingeniously design- 
ed in wany of its parts, which has remained substan- 
tially the same during the fifteen years that have since 
elapsed, and most other engineers eye es them- 
selves with gas engines have ultimately adopted essen- 
tially the same construction. But the merit of his ia- 
vention does not lie in this so wuch as in the arrange- 
meut of the combustion and ignition, by which the 
consumption of gas was reduced to less than one-half, 
aod an advance made that placed the gas engine into 
the ranks as a competitor with the steam engine in 
respect of econowy. 

he four-stroke principle had been indice.ted, though 
not carried out before. The advantage of compression 











and increased speed alone would not have reached the 
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Fie. 2.—GENERAL VIEW OF THE INSTALLATION. 


same result. From the pamphlet issued on the twenty- 
fifth anniversary of the establishment of the factory at 
Dentz, which probably contains Otto’s own remarks, 
we cull the following history of the development of his 
invention : 

In endeavoring to bring out a direct-acting gas en- 
gine the atmospheric engine formed an object of study 
and experiment for Dr. Otto. The effect of each ex- 
plosion is clearly visible in this engine, as the piston 
can rise unimpeded. According to the richness of 
the gas and air mixture, the a rose quickly or 
slowly ; with poor mixtures only after a certain time, 
during which the flywheel had made some turns, and 
very slowly. Otto recognized from this that poor mix- 
tures burn slowly, but are difficult to ignite, and also 
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that a motor free from shocks could only be obtained 
by using poor mixtures. 

The problem then reduced itself to the question : 
How can poor mixtures of 1:11 to 1:13 be ignited with 
certainty? The problem occupied him for years, till 
one day when regarding the swoke issuing from the 
factory chimney its solution presented itself. The gas 
mixture must be made like that of smoke and air, 
dense at the issue from the chimney and gradually 
diluted in the air. 

If freedom from shocks cap only be obtained from 
mixtures of gas and afr in the ratio of one to twelve, 
and these will not ignite, the problem can be solved by 
first drawing 5, 4, or 8 parts of air and ‘then mix- 
tures of gas and air in the ratio of 1:7, 1:8, 1:9, the 
total will then be 1:12, while at the point of ignition a 
sufficiently rich mixture will be found. It is in this 
production of layers of mixtures of various and in- 
creasing richness that the kernel of Otto’s invention 
is to be found. It resulted in an improved thermal 
effect, slower combustion, and a greater abscrption of 
heat by the cylinder walls, without which the tempera- 
ture would have ri-en to a height destructive of all 
lubricants and metals. 

It must be regarded as a fortunate incident that 
simultaneously with the gas engine the use of mineral 
oils as lubricants, capable of standing great heat, was 
discovered. Without the latter the progress of the 
engine would have been much retarded. 

Dr. Otto himself explained the principle of combus- 
tion in hisengine to Dr. Ilsby, whose obituary notice 
in the Journal of the Society of German Hngineers 
we have utilized for this article, in the following man- 
ner: If I wanted toset a house of several stories on 
fire, without a chance of its being extinguished, | 
should take care to fill the lower stories with good com- 
bustible matter, without troubling myself mach about 
the upper stories, and fill the lobbies and stairs with 
straw and rags soaked with petroleum. This is what 
has been done in the gas engine. 

Another simile would be that of a cartridge filled 
with a slowly exploding substance ignited by a highly 
explosive substance at one end. 

f the personal circumstances of Dr. Otto's life 
there is little to be recorded. It was pussed quietly in 
his labors and his family circle. He was of a vetiving. 
almost shy, disposition, and certainly did not seek for 
honors. 

When the Society of German Engineers held its an- 
nual meeting at Cologne, in 1887, he absented himself 
from all meetings and festivities for fear of receiving a 
public laudation. Nevertheless, he was wuch pleased 
when the Wurzburg University conferred on him the 
honorary doctor’s degree, an honor rarely accorded to 
an engineer, either abroad or here, though its confer- 
ment, in our opinion, on eminent engineers is much 
more deserved and warranted than on ‘successful 
»oliticians. However, without any official acknow- 
edgment, his name will survive as the author of one 
of the most important inventions of this century.— 
Mechanical World. 





PHOTOGRAPHY OF JETS AND BURSTING 
SOAP FILMS. 


OwIN@a to the kindness of Lord Rayleigh in lend- 
ing the original photographs, we are enabled now to 
give outline illustrations, photographically produced 
upon the blocks for the sake of accuracy, of some of 
his results in what the Americans call “lightning” 
photography. The substance of his tecture a fortnight 
ago at the Royal Institution on the subject was pub- 
lished in these pages recently. 

Fig. 1 represents a jet of air blown up through water, 
and photographed by the electric spark ; in this case 
it will be noticed that the jet breaks into bubbles close 
to the nozzle of the pipe. 
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Fig. 2 is a jet of water falling vertically in air, con- 
trolled by a tuning fork, which throws the object into 
periodic vibrations synchronous to itself. The water 
does not break into drops close to the nozzle ; it first 
forms an unstable cylinder, and each drop, before it 
— the cylinder, is connected with it by a ligament. 

his ligawent gathers itself into a little drop, which 
travels faster than the large one before it, and some- 
times catches it and * cannons” with it. 

Fig. 3 represents the plan adopted to burst a soap 
film while ft is illuminated by an electric spark ; the 
duration of the latter is about the ao Of a second; 
the rupture of the soap film occupies about gh, of a 
second, and these two events have to be made to oceur 
together. A bullet is held against a piece of wood by 
a spring; tothe spring a piece of soft iron attached ; 
when the latter is attracted by an electromagnet, the 
spring is pulled back and the bullet falls. 

Two pieces of apparatus like this are employed, so 
that when an electrical current is sent, two bullets 
fali at the same instant ; the one ruptures the film, the 





other completes the electric circuit sufficiently to allow 
the spark to pass. 

Fig. 4 represents a soap film in the first stage of dis- 
ruption, Fig. 5in the second stage of disruption, and 
Fig. 6 in the third stage. The falling bullets are pho- 

phed in each case. The shots at the moment of 
touching the film had attained a velocity of about 
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Fie. 6. 


8 feet per second ; the velocity of contraction of each 
film was about 48 feet per second. 

The soap solution used, and which gives films of con- 
siderable durability, consisted of a solution of 3 per 
cent. oleate of soda and 25 per cent. glycerine. The 
iron wire rings supporting the films were coated with 
solid paraffin ; the films are more durable when sup- 
po by paraffin.—Photo. News. 








A SIMPLE ELLIPTOGRAPH. 


THE illustration represents a little instrument for 
drawing figures of elliptical form, by Mr. C. E. Egner, 





ovarned 
of Asarum, Karishaum, Sweden. The principle of the 


instrament is based upon the well-known method of 
drawing an ellipse by means of a pencil and a thread 





whose ends are fixed at its twe foci. The instrument 
consists essentially of a pen or pencil fixed at right an- 


gles to a small horizontal bar, at the other end of 
which is similarly provided a leg, c, with a ball point 
which acts as a rest. On the top of the bar a vertical 
handle, with a swall reel, a (containing a double thread), 
at its lower end, is mounted. This is revolved in order 
to lengthen or shorten the thread to suit the size of 
the ellipse to be drawn. The thread passes down prac- 
tically to the point of the pen or cil, and is held 
secure by the sinall thumb-screw, b (shown). The ball- 
headed pins are — into the paper at the foci of 
the required ellipse. The thread is placed around 
them, and the curve is then completed in the usual 
way. The instrument is provided with pen and pen- 
cil, legs and pins, and is neatly arranged in a small 
case. 7 








SPONTANEOUS COMBUSTION. 
By Ropert R. TATLOcK, F.R.S.E., F.LC., F.C.8, 


THE tendency of many earbonaceous substances, 
both of an organized and structureless character, to 
combine with oxygen, under ordinary conditions, with 
evolution of heat, has been made the subject of much 
patient investigation, and a large mass of information 
relating thereto is now available. Inquiries in this 
direction, however, have had reference chiefly to the 
circumstances under which this phenomenon takes 
place, and to its prevention, with the view of obviating 
the disastrous eee er which it involves, when the 
temperature rises sufficiently high tochar or to inflame 
goods of value. Much obscurity, however, still hangs 
round the question of the nature of the products 
formed at the commencement and during the progress 
of the chemical action, and any work done with the 
object of throwing light on this point would probably 
be productive of valuable results. The observed slow- 
ness with which these substances combine with oxygen 
is more apparent than real, the time occupied being, 
not what is required for the action to take place, but 
rather what is necessary for the non-contiguous mole- 
cules to be brought into contact. There can be little 
doubt that if the ultimate molecules of these bodies 
were in contact with the necessary oxygen molecules 
in sufficient number, combination would be instantane- 
ous, as in the case of metals in the pyrophoric condi- 
tion. 

Nor is it even known whether the comparativel 
small proportions of oxygen which take part in suc 
action combine with the ,entire complex substance—an 
oil, for example—or only with some part of it, leaving 
the remainder intact. In some instances, however, the 
nature of the chemical changes has been very fully as- 
certained, as, for example, in the heating of barley in 
the process of malting, by which starch is converted 
into maltose and dextrin, with evolution of carbonic 


id. 

The conditions which favor this low combustion are 
well known ; they are, first, the presence of the car- 
bonaceous body, which must always be one that would 
burn in the ordinary sense if heated to redness in air; 
second, the presence of air or oxygen ; third, the pres- 
ence of moisture ; and fourth, at least a moderate tem- 
perature. All these being fulfilled, the mechanical 
condition of the substance is of the greatest conse- 
quence, as, if it is either in a porous or spongy state, 
or in a condition of fine division, the facility for heat- 
ing is greatly increased, while a calm and still atmo- 
sphere aid very waterially. The following examples 
illustrate the varied conditions under which this heat- 
ing frequently takes place, particularly with regard to 
the nature of the material. A fire broke out, appar- 
ently spontaneously, in a workshop in Glasgow where 
“fire lighters” were manufactured. These were pre- 
pared by mixing sawdust with melted resin in certain 
proportions. . 

On the following day some of the finished goods 
which had escaped injury were taken away for inves- 
tigation. pel a= weight of these were placed un- 
der a glass s e with a thermometer, and in less than 
an hour the substance barst into flame. An examina- 
tion of the sawdust showed that it contained a large 
proportion of moisture when mixed with the resin, and 
further experiments confirmed the view that this was 
the cause of the accident. Again, a quantity of weav- 
er’s “ heddles,” prepared, as usual, with boiled linseed 
oil, were sent from a factory in this town to Aberdeen. 
The railway truck which carried the goods took fire, 
to all appearance spontaneously, and there could be 
no doubt, from a careful scrutiny of the whole case, 
that the oil was the cause of the mishap, as the center 
portion of the heddles, which alone was prepared with 
oil, was charred and carbonized, while the rest of the 
threads in the same bundle were intact. The same ac- 
cident happened on two other occasions about the 
same time. 

Yet another instance: A few hundred tons of dried 
fish guano were ed from a vessel at Glasgow har- 
bor, and at once placed in bulk in a store with a stone 
floor. In a short time the material began to “ heat” 
internally, in uence of which it was opened out 
and spread more thinly over the floor by a gang of 
men, but while this was being e a large quantity 
of it suddenly took fire, and before the flames could be 
exti a portion of the wooden beams of the 
ceiling was destroyed The spontaneous heating and 
consequent conflagration of coal cargoes, especially 
those of large size, are too familiar to us to require apy 
reference. 

If we assume that a cubic foot of coal weighs 75 Ib., 
and a cubic foot of air 1°23 0z., and that for every three 
cubic feet of coal in hold, bunker, or store there is one 
cubic foot of air containing at least 0°28 oz. of oxygen, 
we have conditions equivalent to 2 ewt. of coal, having 
probably a surface of 50 sq. ft., practically in contact 
with the 0°28 oz. of oxygen, which, if it combined with 
carbon to form carbonic acid, would give out sufficient 
heat to raise the cubic foot of air from 60° F. to 5,316° 
F., which is much higher than the temperature of any 
blast furnace. Of course in practice this temperature 
could not be attained by the combustion of the oxygen 
7 present, as the heat would be partly commu- 
nicated to the coal itself, and would partly escape with 
the warm air, for even if the atmosphere among the 
coal was dead still to begin with, the warmth imparted 
to it would cause it to expand, ascend, and pass away. 

In order to determine satisfactorily whether it was 
the sulphur, the compressed or occluded gases, or the 
non-gaseous carbon compounds in coal that was re- 
sponsible for spontaneous ignition, I took different 
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kinds of coal—eannel and house coal—pulverized them 
and after exposing them to the air for twenty- 
four bours to allow all contained gases to eseape, dried 
them thoroughly at 212 deg. F., and determined the 
percentage of sulphur existing as sulphuric acid io 
each. A weighed portion of each was then ex to 
a temperature of 350 deg. F. for one and one-half hours, 
when it was observed that both samples had material- 
iy increased in weight, due. of course, to their having 
combined with oxygen. The sulphur in the state of 
sulphuric acid was then estimated in both, and found 
to be almost precisely the same as originally. 

The following is a summary of the results : 











Cannel Coal. | House Coal, 
Increase of weight between 
212 deg. and 350 deg. F ..... 2°00 1°90 
Sulphur, as sulphuric acid, be- 
fore heating......--- yovcesece 0°07 0°04 
Sulphur, as sulphuric acid, 
after heating............-... 0°19 0°10 








It will be seen from these experiments that the in- 
erease of weight cannot be due to the oxidation of sul- 

hur, as if it were there would have been a correspond- 
ing amount of sulphuric acid formed, which was not 
the case, and it could not arise from the oxidation of 
compressed or occluded gases, as even if these were not 
completely expelled by the minute pulverization of the 
coal and exposure to steam heat, and had combined 
with oxygen, their products of combustion, being 
gaseous, would pass off at the high temperature, which 
would result in a Joss rather than a gain in weight. It 
is this gain in weight which is the key to the whole 
question of the rationale of the process of sponta- 
neous combustion in coal and other carbonaceous sub- 
stances. The carbon or carbonaceous ingredients of the 
coal combine with oxygen, forming fixed substances, 
and so increase in weight by the amount of oxygen 
with which they have combined. Now, the amount 
of oxygen which entered into combination in these ex- 
periments was approximately 2 lb. to every 100 lb. of 
coal, and was capable, if utilized for the ordinary com- 
bustion of carbon, of giving off heat nearly equal to 
what is evolved when 1 lb. of coalis burned. ‘These 
results, moreover, make it clear that whatever part the 
contained gases take in aiding the action at the com- 
mencement, they are not required to carry it on, as 
their combination to form new products could result 
only in loss of weight, and not gain. 

It has often been stated, and with truth,that chemi- 
eal analysis throws no light whatever on the liability 
of acoai to spontaneous combustion, but while this 
statement is correct for such analyses as are usually 
made, it by no means follows that a chemical examina- 
tion of the coal carried out on proper lines might not 
be useful in determining its qualities in this respect. 
The analysis required for technical and commercial 
purposes is one showing the percentage of carbon, hy- 
drogen, oxygen, nitrogen, sulphur, ash, and moisture, 
but the relative proportions of these are not and never 
were intended to have any referenve to the safety or 
otherwise of a coal for shipment or storage, and it is 
only such tests as are made with that special object in 
view that can ever be of value for that purpose. But 
while the elementary composition of a coal gives us no 
information on this point, it isextremely probable that 
a knowledge of its proximate constituents or com- 
pounds would be of great service. These are the de- 
composition products of the woody matter from which 
the coal was formed, but, unfortunately, little or no- 
thing is known of them except that they differ widely 
in different coals, some of them being unstable in their 
nature and, consequently, liable to chemical changes 
with production of heat, while others are of a stable 
character, and, therefore, not prone to such change. 
The subject affords a wide and interesting field for in- 
vestigation, both for the svientific and the technical 
chemist. Itis not at all unlikely, however, that ex- 
periments on the small scale, such as those deseribed, 
carried out upon the principal coals intended for ship- 
ment, might indicate the degree of their liability to 
heat and ignite spontaneously. There are also other 
points worthy of attention, such as the amount of 
moisture which a coal retains after being air-dried. 
Many hold as much as ten per cent. retained at 60 deg. 
F., and expelled at 212 deg. F., and it is reasonable to 
suppose that water may either take part in bringing 
about a chemical change or that any portion of it 
which would be expelled by a moderate heat of say 100 
deg. F. to 110 deg. F. would leave the coal to some ex- 
tent in a spongy or porous condition, which would 
favor oxidation. 

The spontaneous heating of oils in a finely divided 
state has been made a subject of observation among 
chemists and others fora very long period, and the con- 
ditions under which it takes place are too well known to 
require any reference. All that is necessary is that the 
oil should expose a large surface to the air, and if the 
latter is warm and still, the action commences with 
great ease and progresses with astonishing rapidity. 
Numerous and varied experiments have shown that 
some oils are far more prone to oxidation’ and heating 
than others. Among vegetable oils, linseed stands 
Prominent in this respect, and of animal oils, seal 
shows the greatest tendency, while mineral oils not 
only show no disposition to heat, but when mixed in 
comparatively small proportions with heating oils, an- 
nul or neutralize the heating proclivities of the latter. 
Attempts based upon the results of spontaneous com- 
bustion experiments have been made to arrange vege 
table and animal oils in the order of their liability to 
heat or to combine with oxygen, but their behavior 
under experiment is far too fickle tc allow of any but 
avery rough classification, admitting of certain oils 
being placed at or near the top of the list, others at 
the foot, and the remainder somewhere intermediate. 
It has been observed by Mr. R. T. Thomson, however, 
that those oils which are capable of combining with 


the greatest amount of oxygen under favorable condi- 
tions ; and there can be no doubt of the correctness of 
this view. ° 

It has been, and still is, the result of painful expe- 
rience that many of the most destructive conflagra- 
tione owe their origia to the affinity of certain oils for 
oxygen, although there must be some instances in 
which this has been wrongly assigned as the cause. 
It is clear that any fire having its origin in a building 
such as a Turkey red stove, where goods prepared with 
oil are suspended at a high temperature for a consid- 
erable length of time, would in all probability take 
place in one of three ways: 

First.—By the elimination of combustible vapor from 
the oil by the beat of the stove, producing an inflam- 
mabile atmosphere, which would at once ignite on con- 
tact with a spark or flame. 

Second.—By a spark escaping from a chink or crack 
in the heating flue of the stove (or brought into the 
apartwent in sowe other way) coming in contact with 
the hot and dry goods. 

Third.—By the extra heat—over and above that of 
the stove—generated by the oxidation of the oil; this 
would promote further action, developing wore heat, 
and so the action would p , in an accelerating 
ratio, till the ignition point was reached, immediately 
before which a large quantity of inflammable vapor 
would be distilled off from the highly heated portions 
of the oil surface. 

The first of these causes may be dismissed, as the 
amount of gas or vapor which could possibly be thrown 
off from the oiled goods would not be sufficient to form 
an explosive or inflammable mixture with the air, nor 
such as would ignite by contact of either spark or 
flame. The second could not.and need not be made 
the subject of experiment, as the effect of direct con- 
tact with fire is obvious. I[t is only the third of these 

robable causes, therefore, that could form the sub- 
jet of direct inquiry, and for this reason, as well as 

cause it seemed probable that the majority of dis- 
asters arose from this cause, I thought it desirable to 
institute a few experiments, with the object, not so 
much of throwing light upon this point, as of de- 
termining in what direction investigation might pro- 
ceed, 

In order to ascertain whether olive oil gives off an 
inflammable vapor snch as would ignite on the ap- 
plication of a flame, or spontaneously at the tempera- 
ture of a Turkey red stove, say 180 deg. F. to 184 deg. F., 
I prepared some gray cotton yaro by soaking it in 
a well known brand of olive oil (Gioja), pressing 
out the excess until only 10 per cent. remained, and 
heated this in an Abel’s flash point apparatus for 
some hours at 200 deg. F., but no vapor was given off 
that would flash or ignite on the application of a light 
at any period of the trial. The same was tried on the 
“fatty acids” of olive oil, with the same negative re- 
sults, which makes it certain that both olive oil and 
the fatty acid recovered from it are safe as far as this 
point =. All the materials, both yarn and oil, were 
carefully weighed before and after in these trials, in 
order to ascertain whether there was any increase of 
weight,due to oxidation of the oil at the high tempe- 
rature, but the results were unsatisfactory, the weights 
fluctuating on account of the hygroscopic character of 
the cotton fiber, and the difficulty of getting accurate 
weighings without absorption of moisture from the air, 
which vitiated the results. Recourse was then had to 
heating the dry oil to a temperature of 194 deg. F. 
alone, without any fiber, but merely spread in a thin 
film over the flat bottom of a platinum basin, with the 
result that in twenty-four heurs there was a clear gain 
in weight of nearly one per cent., which steadily in- 
creased until a point was reached, at the end of sixty 
hours, at which it appeared to remain stationary, 
ney f on account of some decomposition and evo- 
ution of vapor, thereby causing aloss in weight which 
would neutralize the gain in weight by oxidation. 
The oil was purified beforehand by removing from it 
the free oleic acid which all olive oils in the market 
contain more or less. The fatty acids from oil were 
then tried in the same way, but instead of showing a 
gain, like the oil itself, they showed a loss nearly to 
the same extent, but this was, no doubt, due to a 
chemical change producing some volatile body which 
passed away, and that this more than counterbalanced 
the gain in weight by oxidation, which was really go- 
ing on at the same time. The fatty acids of cotton 
seed oil behaved in the same way, but those of linseed 
oil showed a gain of over one per cent. in twenty-four 
hours. Stearic acid, on the other hand, remained al- 
most constant in weight after exposure for fifty hours. 

Now, at first sight it may appear that as the fatty 
acids of olive, cotton, and other oils lose weight on be- 
ing kept hot in a close place, the vapor or substance 
given off being inflammable would give rise to an at- 
mosphere that would ** flash” on contact with a spark 
or flame, and that, therefore, these would be danger- 
ous from that cause, but a little examination will show 
that this cannot be the case. Suppose an example in 
which a ton of fatty acids of olive oil was thinly spread 
over the surface of cotton s in a stove 60 by 40 by 
30 ft. at 182 deg. F., and that the weight of volatile 
vapor given off in twenty-four hours was one per cent., 
the conditions would be 5,600 lb., or thereby, of air 
through which was diffused 22°4 lb. of combustible 
vapor or gas, which would be equal to 0°4 per cent. 
Such a mixture would be perfectly safe to carry a 
naked flame throngh, as it would neither take fire nor 
explode. About 244 per cent. of the vapor would re- 
quire to be present before a combustible or explosive 
mixture would be reached. The real danger lies in the 
accumulation of heat produced by the oxidation (in- 
volving increase of weight) of the oil. In the above 
example approximately one per cent. of oxygen would 
be taken up by the oily matter in twenty-four hours, 
which, if combined with carbon by combustion in the 
ordinary way, would give out heat sufficient to raise 
the whole air of the stove to a temperature of 273 deg. 
F.; but then the heat, as it was generated, if not re- 
moved, would at once become available for promoting 
further action, producing more heat, and so on until 
finally the ignition point was reached. But it must 
not be forgotten that the heat generated would great- 
ly exceed this, as every successive development of heat 
by the combination of the oxygen with the elements 
of the fatty acid would facilitate or accelerate oxida- 
tion, resulting in the production of more heat, and 20 





the largest proportion of iodine are precisely those 
which have the greatest affinity for, and combine wi 


on, till the firing point was reached.—Jour. Sec. Chem. 
Industry. 








THE AMENIDE MUMMIES AT THEBES. 


A CORRESPONDENT of the London Times has ob- 
tained direct information from the highest authentic 
source about the mummies at Thebes. This is farnish- 
ed by the following extract from a private letter ad- 
dressed by M. Grebaut, director-general of the excava- 
tions, to his learned predecessor, fessor G. Maspero, 
of Paris : 

“Here is some account of a fortanate discovery. 
Having found, tn situ, at Deir-el-Bahari, a royal sar- 
cophagus of a queen, and seeing that the surrounding 
ground had not been disturbed, I thought it worth 
while to make further excavations on the spot. Ata 
depth of 15 meters we came upon the door of a rock-cut 
chamber, in which were piled ene above the other, 180 
mummy cases of priests and priestesses of Amen, to- 

ther with a large number of the usual funerary ob- 
7 ineluding some 50 Osirian statuettes. Of these 
we at once opened ten, finding a papyrus in each. 
There are a great Many enormous wooden a 
containing wumumies in triple mammy cases, all very 
richly decorated. Awong these we have found a priest 
of Aah-hotep. These sarcophagi are of the time of the 
twenty-first dynasty. What we have found is, there- 
fore, a ‘cache’ of the same period as that of the royal 
mummies discovered in 1881, and made by the same 
priests of Awen. 

** Notwithstanding that the soil has remained un- 
touched for 3,000 years, some of these zarcophagi are 
broken, and many of the gilded faces of the superin- 
cumbent effigies are injured. The way in which they 
are piled up, their damaged condition, and the generai 
disorder point to a hurried and wholesale removal, as 
in the case of the royal mummies. We find, for in- 
stance, a mummy case inscribed with one nawe in- 
closed ina sarcophagus inscribed with another, while 
probably the inner cases may prove to belong to a 
mummy with a name differing from both. May we 
here hope to find some royal mummies for which there 
was not space in the vault discovered ten years ago ? 
I scarcely dare to hope it. 

* At a first glance it would seem as if the high priests 
had abstained from burying the mummies of their 
more humble predecessors with those of royalty. 
Everything must, however, be opened and studied. 
About midway of the shaft now open may be seen the 
door of an upper vault; and to judge by certain indica- 
tions, there is also probably an intermediate vault. 
Had we, however, only the 180 sarcophagi contempe 
rary with, or anterior to, the twenty-first dynasty, it 
would be a wagnificent haul, the greater number of 
the sarcophagi being really splendid and in perfect 
preservation. 

“ There are also some charming things among the 
minor objects. The name has been purposely erased, 
or wasbed off, from several of the large sarcophagi, and 
the place left blank, as if the scribe had not had time 
to fill in that of the new occupant ; but we may proba- 
bly find the names of those later occupants on their 
inner mummy cases. One of the largest of these sar- 
cophagi is surcharged with the name of the high priest 
of Amen, Pinotem. As soon as we have cleared the 
lower vault, I shall attack the upper chamber or 


chambers.” 
The correspondent explains that the high priests of 
Amen, at Thebes, were a line of powerful prelates 


whose succession must have dated back to the founda- 
tion of the great temple under the first kings of the 
twelfth dynasty—a time supposed to be coeval with 
the visit of Abraham to Ezypt. Toward the close of 
the twentieth dynasty (circa 1100 or 1000 B. C.) they 
had attained to such a height of political supremacy 
that the first prophet of Amen not only united in his sin- 
gle person the offices of viceroy of Ethiopia and com- 
mander-in-chief of the Egyptian army, but he actually 
took precedence of the reigning Pharaoh, assumed the 
titles and ovals of royalty, and founded the twenty- 
first or Amenide dynasty of priest kings. It was dur- 
ing the pontificate of the first of these royal priests, 
Her-Hor Se-Amen, that the mummies of a large nutm- 
ber of kings and queens of the seventeenth, eighteenth, 
and nineteeth dynasties were removed, for greater 
safety, from their sepulchers in the valley of the tombs 
of the kings to places where they could be more ade- 
quately protected from the depredations of the gangs 
of tomb breakers which at that tiwe infested the burial 
places of Thebes 

These burial places were very numerous, comprising 
the two valleys of the tombs of the kings, the valley of 
the tombs of the queens, the necropolis of the priest- 
esses of Amen, and the great general necropolis, which 
also included the burial places of the kings of the 
eleventh dynasty. Now, although the necropolis of 
the priestesses of Amen was well known, no necropolis 
of the priests had yet been found ; and it therefore 
seemed reasonable to suppose that they were buried 
within the tempie precincts. Whether this was or was 
not the case, it would now appear that the high priests 
of the twenty-first ‘dynasty became as much alarmed 
for the sanctity of their own sepulchers as for the safe- 
ty of the royal mummies, and that they removed and 
concealed the mummies of these 180 priests of Amen as 
expeditiously and successfully as they concealed the 
remains of the heroic Pharaohs of'the four preceding 
dynasties. There is, however, no ground for conclud- 
ing that the evident haste with which the transfer was 
conducted points to a time of national peril. The 
period of the twenty-first dynasty was one of ignoble 
decadence and obscure peace; but the tomb robbers 
were ever on the alert, and it is obvious that, unless a 
wholesale removal of this kind was accomplished under 
cover of night and with extreme rapidity, no precau- 
tions would avail. The well-founded hypothesis of 
Professor Maspero, which attributed the concealment 
of the royal mummies to this standing danger of dese- 
cration, accounts therefore with ual probability for 
the condition of the mummy cases just discovered. 
As regards the Osirian statuettes mentioned by M. 
Grebaut, a large number of similar figurines carved in 
wood may be seen by the visitor to the Upper Egyptian 
rooms at the British Museum. These statuettes were 
made hollow, in order to contain a roll of papyrus, but 
the documents thus preser’ od almost invariably con- 
sist of extracts from ** The Kook of the Dead,” and al- 
though in the present case we may expect to find such 
extracts varied with decrees of Amen and other re- 
ligious formule peculiar to the members of the great 





Sacerdotal College of Thebes, it does not seem very 
Jikely that they will comprise documents calculated to 
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throw wueh light upon the history of Egypt. Too 
much reliance must not, therefore, be placed on 
the prophetic utterances of those who anticipate large 
historic results from the bowels of this multitade of 
Osirian statuettes. 

The letter concludes with a summary account of va- 
rious other interesting discoveries made by M. Grebaut 
eoncurrently with his great “find” of Awenide mum- 
mies. On the south side of the unique and beaatiful tew- 
Be erected at Deir-el-Bahari by the renowned Queen 

atasu (eighteenth dynasty), part of which was dedi- 
eated to Amen of Thebes, and part to Hathor of Punt, 
M. Grebaut has found an undisturbed tomb of. a 
priestess of Hathor, of the very early period of the 
eleventh dynasty, thus indicating the probable exist- 
ence of a yet earlier temple to Hathor on this same 
spot. It is open to conjecture that that earlier temple 
might have been founded by King Sankhara, of the 
eleventh dynasty, who, according toa celebrated rock- 
cut inscription in the valley of Hammamat, dispatched 
the first naval expedition te that part of the Somali 
coast known to the Egyptians as the land of Punt. The 
name of this newly exhumed priestess was Ament, sig- 
nifying the region of the Western Shades—in other 
words, the land beyond the grave. 

The door of her sepulcher was unopened, and at the 
further end of the little funerary chamber stood an 
enormous limestone sarcophagus, without inscription 
or decoration. The lid being removed, it was foand 
to contain a broken mumwy case, with inscriptions 
both carved and painted, and inside the mummy case, 
covered with a number of pieces of neatly folded linen, 
lay the mummy of the priestess. These pieces of linen 
bear the makers’ marks, and are inscribed with the 
date of a certain “‘ year 24,” but of whose reign it is 
impossible to say, no royal name being entered. The 
mummy is that of a large woman, well bandaged. Be- 
side her lay four mirrors, three of silver and one of en- 
amel. In front of the sarcophagus, at the right-hand 
corner, stood a wooden coffer containing the skin and 
bones of two sacrificial oxen, several more pieces of 
folded linen, some little bundles of rags, and three 
very delicately woven nets, which M. Grebaut believes 
to have been designed for carrying perfume bottles. 
So few intact sepulchers of the remote and obscure 
eleventh dysnasty have been found that this discovery, 





for the latter are then liable to “‘ gloat” or puff, in 
which case they are useless for pickling, as the bulb is 
too soft. Besides this, onions so grown are much.more 
liable to attacks of the onion grab, as this insect ap- 
pears to harbor in the straw, or haulm, during some 
period of its existence, though it has not been actually 
traced. It not only appears more often on land on 


which beans have been grown, but when bean straw is | 


used as litter from which dung is made, and the dung 
is applied for onions, a serious attack is almost certain 
toensue. Therefore the cropping has to be arranged 
so that onions do not follow beans, either directly or 
after some years, and must onion growers refrain alto- 
gether from cultivating beans. 

Although heavy dressings of rotten dung are often 
applied a few months before onion seed is sown, it is 
preferred to put on a considerable quantity in the 
preceding years, and thereby to get it thoroughly in- 
corporated with the soil, so that its rankness may be 
dissipated through the medium of other crops. 

Last spring I saw Messrs. King getting a piece of 
land on their new farm into condition for onions, but 
the onions will not be sown for at least another year or 
two. The land was in wheat stubble which had been 
autumn cultivated and cleaned. It had already re- 
ceived 100 bushels of soot per acre, 25 tons per acre of 
good London dung were at the time being applied, and 
after this there would be a dressing of 7 ewt. of dis- 
solved bones. All these were being put on to produce 
a crop of swedes which would be fed off by big wether 
sheep, receiving as much cake as they could consume. 
A crop of peas will be sown in the following spring. 
If, after the peas, the land seems to be in favorable 
condition for onions the latter will be sown, but the 
land will even then receive forty or more tons of dung 
per acre. 

[n a well known book on gardening, from which quo- 
tations are frequently made, it is stated that a poor 
soil is necessary for producing the small, firm bulbs re- 
quired for pickling. This is decidedly wrong, for the 
land should be made exceedingly rich, and the size of 
the onion controlled by thick seeding. The manurial 
dressing previously wentioned, as followed by Mr. 
Cooper, is by no means excessive, and occasionally the 
application of dung may amount to sixty tous per acre. 

his is, of course, very expensive, as London dung, 








is harrowed in with light barrows or raked in with iron 
hand rakes, and, if oecasion demands it, rolled as well, 
The subsequent workings consist of hand hoeings and 
weedings. The quantity of seed sown is generally from 
60 lb. to 80 lb. per aere, but if its germinating power 
is low, as much as 14¢ ewt. has been used. The ap- 
pearance of the field when the onions are about four 
inches high is not unlike that of newly laid down 
grass land when viewed at a short distance, so thick 
do the young plants stand. There is no thinning, all 
the plants being allowed to mature. The seed varies 
in price very much, the usual quotation being from 1s, 
6d. to 10s., though it has been as much as 20s. per |b. 
The cost of the seed is thus a very serious item, and 
the growth of seed is a most important part of the 
onion grower’s business, which must be briefly noticed, 

The usual method is to grow the seed from bulbs 
placed in rows about two feet apart, though a con- 
siderable quantity is grown in rows much farther apart, 
when used for providing shelter for cucumbers. Strong 
land grows the best seed, although light, friable soils 
are most suitable for growing bulbs. Well shaped 
onions are selected, and are transplanted in February 
in rows, about three tons per acre being uired for 
planting a full crop. These, as a rule, will come to 
seed fit for gathering in September. The whole crop 
does not ripen at once, but as the seed heads are fit 
they are cut and collected, and placed on cloths to dry, 

The method of drying the heads so that the seeds 
will thrash out freely is somewhat tedious. The heads 
are placed on cloths resting on straw and spread out 
during the day, but before night or rain they are raked 
up into the middle of the cloth. Above the cloths 
hurdles are set up like an inverted V, and the ends of 
the cloths are turned up over them. The straw which 
thereby becomes exposed is gathered up, and placed on 
the top of the ridge formed by the hurdles. When the 
heads are dry enough, they are thrashed by means of 
the flail. In very windy weather, loss often arises 
through the seed being blown off the cloth, where, if 
any seed falls out of the heads, it is collected. 

s onion bulbs are worth from £3 to £10 per ton, and 
sometimes even more, seed growing is very expensive. 
Unfortunately the crop is very subject to destruction 
by mildew (Peronospora Schletdeniana). This fungoid 
disease, which also attacks the young onions, generally 


























though less startling than the great find of priestly 
mummies, is of extreme archwological rarity and in- 
terest. 


THE ITALIAN NATIONAL EXHIBITION AT 
PALERMO. 


THE site of the exhibition to be held in Palermo next 
winter is the gardens of the Principe di Radali, adjoin- 
ing the well known Giardino Inglese, which will pro- 
bably also be annexed. A fine set of buildings occa- 
bying an area of 110,000 square meters is now in course 
of erection, from the designs of Signor Basile, the archi- 
tect. A general view of them is given above. The 
principal galleries will be those devoted to railway 
materials, machinery in motion, the textile industries, 
liberal arts, and Pompeian saloons. An important 
feature will be the international section for engines, 
machines, and labor saving appliances for small indus- 
tries, meant to be easily fixed and used with safety in 
private dwellings and workshops, the demand for 
which has greatly increased of late,. owing to the de- 
velopment of co-operative societies among the peasants 
and artisans. Committees have been forwed in the 
principal cities of Europe. The King of Italy is pa- 
tron of the exhibition, and has promised to open it in 
person, on the ist of November. The government are 
using all their influence to make this, the first national 
exhibition held in the south of Italy, a success.— Daily 
Graphic. 


ONION CULTURE FOR PICKLING. 


THis is the most important crop grown for pickling 
pur Messrs. King & Son (Broom, near Biggles- 
wade) grew 130 acres of onions this year (1890), which 
will average from 10 to 12 tons per acre, it being a very 
productive season. Light, friable soils with open sub- 
soils are best suited to their growth, and the greatest 
eare has to be taken in preparing the seed beds. The 
previous treatment of land for growing this crop is by 
no weans confined to the few months immediately pre- 
eeding the sowing, for it requires to be got thoroughly 
into condition, both as regards manuring and cleanli- 
ness. Certain conditions are decidedly unfavorable to 


the growth of onions. Land which has been cropped 
with common field beans rarely produces good 


Ons, 

















fifty miles out, costs 5s. 9d. per ton at the station, to 
which has to be added the cost of carting and apply- 
ing to the land. 

In connection with London dung, it is worth noting 
that onions.to which sawdust dung is applied are much 
wore liable to attacks of wire worm than are those for 
which straw dung is used. Where the presence of wire 
worm is suspected, it is usual to grow a crop of mus- 
tard, and to dress the land with gas lime before sowing 
the onion seed. This is generally found sufficient to 
cheek the pest. If the land is in such good heart, from 
previous manuring, that dung is not considered neces- 
sary, 100 bushels of soot are almost invariably sown 
during winter, while the land lies in the furrow. 

Freedom from weeds is such an important matter 
that, where warket garden farming is practiced, the 
stubbles are never used as sheep runs, but the land is 
broadshared or skimmed immediately after harvest to 
prevent seeding, or the land is at once broken up to be 
made into a seed bed for immediate sowing. The cost 
of cleaning onions is so great that, even under favor- 
able circumstances, it rarely amounts to less than £5 
per acre, from £4 to £5 10s. being the usual range of 
prices. Mr. King once pointed out to me a field which 
he said cost £20 for weeding the first time he grew 
onions on it, but which, owing to thorough cleaning 
and the prevention of weeds from seeding, cost only 
30s. an acre the last time he took onions upon it. 

In ordinary cases the land is broken up as soon as the 
previous crop is out of the way, and any filth is at once 
cleared off. It is allowed to lie through winter, and 
dung is carted on when there is sufficient frost, but the 
land is not disturbed until a favorable opportunity oc- 
curs early in the new year. It is then worked most 
thoroughly, and brought down toa fine but solid tilth. 
An onion tilth cannot be too fine, as the seed germi- 
pates wore thoroughly and more evenly the finer the 
soil. As it will not germinate if sown too deeply, a 
rough surface would result in some portion of the seed 
being over-buried, if the rest were put in at a proper 
depth. Nevertheless, after finely reducing the soil it 
wust be solidified, but not worked when wet, or it will 
become packed, which is injurious. 

The seed is generally sown broadcast for growing 
“ picklers,” as the onions are better distributed about 
the ground, and each plant gets a fairer siare of the 
space than when placed in drill rows. After seeding it 
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appears in cold wet weather in July. The young plants 
are not, as a rule, destroyed, though in bad cases they 
make no farther growth ; a very severe attack on the 
pipes or stems which carry the seed heads may result 
in the loss of the whole of the seed. In the years 
1888 and 1889, the seed crops were most seriously in- 
jured, nine-tenths of sowe being absolutely killed ; 
while very few crops suffered loss to the extent of 
less than one-third. Seed was therefore dear, and 
there was a large demand for that of foreign growth, 
which, though often very good, cannot be relied upon. 
The Russian seed is commonly to all appearances per- 
fect, but it is not infrequently useless for pickling pur- 
poses, because the bulbs grown from it split like chest- 
nuts, having some resemblance to shallots, which are 
objected to in the trade merely on account of their 
shape. I saw afield of 14 acres, which—regarded casu- 
ally—appeared to be perfect; bunt when the onions 
were skinned for pickling they were found, from the 
cause wen tioned, to be useless, and the owner calculat- 
ed that he had lost £1,000. This was not his first ex- 
perience of serious loss from this cause. The best 
seed for the purpose in view is the English grown 
Spanish onion asa main crop, though the silver skin 
is oceasionally cultivated for producing specially early 
bulbs, in order that a start may be made with the 
brining in good time. 

To return to the pickle crop, which was described as 
being sown. The hand weeding commences as soon as 
the onions are well up, this work being done chiefly by 
women and children, who go down upon their hands 
and knees and carefully pick out or cut out every 
weed. No top dressings are applied, as artificial ma- 
nures are not popular ; nitrate of soda and other ni- 
trogenous manures are found to cause an excessive 
growth of neck and soft bulb, producing what are call- 
ed ‘“‘ romps,” that is, onions of rampant growth, which 
are altogether unsuitable for picklivg purposes. Farm- 
yard manure is the fertilizer most preferred, as it re- 
tains the moisture in dry seasons and keeps the soil 
open in wet ones. Soot is the market gardener’s favor- 
ite concentrated manure. 

The onions for pickling are hoed up with either the 
hand hoe or the horse hoe; when they are loosen 
they are collected by hand into rows. It is best to 
take them away and peel them at once, but this is not 
always practicable. 
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Onion bulbs are liable to two diseases—one is known 
as “mouldy nose,” and attacks the nose or root end 
either before or after pulling, but it is generally caused 
by excessive’ wet; when once thus attacked the bulbs 
are spoiled for pickling. The other disease, known as 
“stale rot,” attacks the crown after pulling, and while 
the bulbs are stored, so that it isnot discovered until 
they are handled. . ae 

The operations of peeling and brining are not gene- 
rally understood, but as they enter into the pickle 

wer’s business they may be briefly described. 

The onions are brought to sheds, and there sifted 
with the object of removing the bulbs which are too 
big for pickling, and also to clean them to some extent. 
The suitable ones are then handed over to women or 
children, whose duty it is to cut off the tops and bot- 
toms, and to peel off the outer skins until the bulbs are 
free from pony | colored portions. These, after being 
inspected, are thrown into a large tub of fresh water 
al waded, after which they are placed on sieves 
and separated into different sizes. In all, five sizes are 
made up; the smallest are the most valuable and are 
called “ pimps,” while the others grade as firsts, sec- 
onds, thirds, and fourths, the last named, rather more 
than an inch in diameter, being the largest which are 
received in the trade. The onions are next placed in 
water and well washed, after which they are put into 
separate barrels, and when the barrels will hold no 
more a strong brine is poured into them, and they 
are coopered up. The work, so far as the briner is 
concerned, is now finished, except that from time to 
time it is necessary to fill the barrels with brine, as loss 
arises from evaporation, and also from shrinkage of 
the onion itself. The process of brining 1s necessary 
to destroy what is known as the “ vegetable” in the 
onion, that is, the green coloring, which the brine 
does in course of time. Some manufacturers will not 
use onions until they have been in brine at least a 
year. It is very largely due to the circumstance that 
they are not brined that home-made pickles are not 
so bright and clear as those made by large firms. 
The quality of the water is an important factor, for 
if itis too hard and the onions are left in it for a day 
or two, they become black. 

As showing what a quantity may be grown on one 
farm, it may be mentioned that in 1889 Messrs. King 
brined 4,000 casks, which were the produce of about 
90 acres; this year they grew 130 acres, and the yield 
is much greater per acre. In addition to this, they 
will brine something like 1,000 barrels of cauliflowers, 
and about 400 or 500 barrels of cucumbers and gherkins, 
all the produce of their farms. Others interested in 
pickling and brining grow their own material, besides 
occasionally purchasing from smaller growers. During 
the past few years considerable quantities of pickling 
onions have been imported from Russia and other coun- 
tries where labor is cheap. Though it is to the inter- 
est of the English farmer not to allow others to step 
in, the grave difficulty of labor is one which market 
gardeners must look forward to with even greater 
anxiety than ordinary farmers, as so much of their 
work has necessarily to be done by hand. Their 
greatest safeguard against foreign competition appears 
to be in the employment of women and children. 
Messrs. King for some months during the pickling sea- 
son employ as many as 1,000 hands, the greater num- 
ber of whom come from neighboring towns and vil- 
lages; but men are required for all the heavier kinds 
of work.—W. J. MALDEN, én Journal of Royal Agri- 
cultural Society. 








OTTO OF ROSES. 


EARLY in the 17th century, according to Persian 
authors, otto of rose (from the Arabie itr, perfume) 
was discovered by a certain princess, who observed 
oily drops floating upon the surface of a fountain or 
stream of rose water, provided by the munificence of 
her husband, the great mogul, and ordered that they 
should be collected and preserved. The cultivation of 
roses for the preparation of this fragrant essential oil 
seems to have originated in Persia, whence it spread 
southward and westward into Arabia, and the states 
of Barbary. From Tunis, according to tradition, the 
art of distilling otte of rose was carried to Bulgaria, 
and at any rate the Rosa damascena, now cultivated 
in Turkey, was formerly reared in Tunis, though now 
it is almost extinct there. It further appears from such 
records of the cultivation as are to be come at, that for 
a considerable period it was restricted to the immedi- 
ate neighborhood of Kezanlik, only extending to the 
neighboring villages and districts within the last half 
century, during which time the output of otto from 
Kezanlik and the adjacent region has increased about 
tenfold. From a booklet on the rose industry of Bul- 
garia, by M. Christo Christoff, of Kezanlik, translated 
by C. H. Piesse, consul-general of Monaco, and pub- 
lished by Messrs. Piesse & Lubin, we have gleaned the 
following interesting particulars of the rearing of roses 
and distillation of otto in Roumelia. Of course, we 
know the essential oil of rose is produced largely in 
India, in the south of France, in Tunis, and in Persia, 
but from these countries none finds its way into the 
London market. The chief localities in which the rose 
is cultivated in Turkey for the production of otto are 
those surrounding Kezanlik, a large town situated on 
the southern slopes of the Balkan, and some seventy 
miles north of Adrianople. The rose is also cultivated 
on the large seale in the valley of the Tounja general- 
ly, and in the cantons of Karlova, Novo-selo, Brezovo, 
Pechtera, ete. Kopriveh-titza on the west, and Ivar- 
ditza on the east, form the limits of the industry, which 
thus extend along a tract of country some eighty miles 
long, between the Balkans proper on the north and a 
spur of that range called Snedna Gora on the south, at 
least the best otto is produced within this area. The 
kind of Rosa cultivated is chiefly R. damascena, 
though to a less extent R. alba is also reared. The 
latter species yields an oil of very inferior quality, but 
richer in staeroptene. The peculiarities of the Bul- 
garian district, which constitute its supremacy over 
other places where the cultivation has been attempted, 
are chiefly four, viz., (1) its sheltered position south of 
the Balkans ; (2) its pervious sloping soil, from which 
moisture rapidly drains off ; (3) the abundance of fire- 
wood; and (4) the plentifal character of the water sup- 
ply. The last two factors, of course, are of more sig- 
nificance in distillation than in cultivation. The 
temperature varies between 4 deg. F. in winter and 104 
deg. F, in suinmer, and often changes very suddenly. 





The mean temperature is about that of France. The 
plantation of a rose field takes place in October or No- 
vember, the method of raising new plants being a kind 
of “layering.” The branches of old trees are laid 
down horizontally side by side, four or five together in 





trenches, and lightly covered with earth and manure. 
In the following spring the young shoots appear, in 
the second year a few flowers are yielded, and in the 
fifth year the bushes attain their maximum produc- 
tion, though with care they continue to furnish a crop 
—— their twentieth year. 

he work of the cultivators includes weeding and 
plowing three or four times yearly, pruning from 
withered branches when necessary (in March generally) 
and protecting the roots during winter, by banking 





them up with earth. As a rule artificial watering 
is not practiced, as it seems to render the plants more 
sensitive. The harvest begins in the middle of May 
and ends in the middle of June, and the more slowly 
the flowers appear, the easier the crop is to collect and 
distill. The gatherers are out in the fields at dawn, 
and every flower that has begun to blow is gathered. 
A million roses, weighing nearly exactly a ton, are pro- 
duced by four-fifths of an aere of plantation, and yield 
at most about 12 ounces avoirdupois of otto (equals 





about 0°3 per mille). Large proprietors have fixed stills 
bnilt under covered sheds. The peasants’ stills are of 
the same kind, but are frequently portable. They 
consist essentially of a large copper alembic of a special 
shape, shown in the appended illustration (from Mr. 
Christoff’s brochure). The only explanatory comment 
necessary is that the condenser is a straight tin tube 
(about four feet long), and nota worm. The hot water 
flows out from the barrel by way of an internal tube 
open at the top (near the surface of the water) and 





passing through the bottom of the barrel. Each ap- 
paratus takes a charge of about 22 pounds of flowers 
and 16 gallons of water, and in about an hour and a 
half two flasks of the shape shown in Fig. A, witha 
capacity of 5 liters (8} pints) each, will have been filled 
with rose water. 

From this the otto is extracted by redistillation of 
about nine gallons at a time, the product (a little over 
one gallon) being collected in flasks represented in 
Fig. B. The water in the still is used for the distilla- 
tion of more roses. As the contents of the long-necked 
flask cool, the otto separates at the surface and is col- 


lected in special ‘‘ dippers ” or ladles sha like conical 
extinguishers with long tin handles, and having at the 
apex a minute hole th which the water scooped 
4 with the otto is allowed to drop back into the flask. 
The collecting flasks or receivers for the pure otto hold 
from about a half pound to two and one-fifth pounds. 
Two are represented in C and D. Since 1871, onl 
three harvests have been below the average indi- 
cated bya produce of 4,000 to 4,400 Ib. (1872, 3,300 ; 1877 
and 1 8,960), while three have been good, and two 
(1871 and 1889) very , the yield being 6,600 pounds. 
Practically all the oil is centralized in six Bulgarian 
and bene - ae in —— ——— ae he 9 
ported urope in vessels generally of the kin 

at E.— Monthly Magazine. 


HOW TO MEASURE THE INVISIBLE.* 
By Henry M. PARKHURST. 


WHEN Comte’s Positive Philosophy was published, 
some forty years ago, Kirchhoff had not made the dis- 
covery which lies at the foundation of all spectroscopic 
analysis. It seemed then that there could be no ques- 
tion of the correctness of his assertion that the chem- 
istry of the stars would be forever beyond the reach of 
human investigation. What could be more certainly 
impossible than that men of science, separated from 
the stars by millions of millions of miles of space, void 
with the exception of a possible ether, so ethereal as 
not to perceptibly interfere with the motion of the 
rarest comets, could ascertain what ‘substances exist, 
and their chemical nature, in those inconceivably dis- 
tant orbs’? His reasoning was good ; but his argument 
contained a flaw in assuming as a self-evident fact that 
which was not a fact. The sense of sight alone can 
give us information with regard tothe stars. Nosound 
can cross the depths of space; still less can our other 
senses aid us; for they require proximity if not actual 
contact as the basis of theirindications. Comte argued 
that all that we could learn of the stars must be 
learned through the instrumentality of the sense of 
sight; and he assumed that it was aheabetele im possi- 
ble for us by the sense of sight to distinguish between 
the different chemical elements in the stars. Yet the 
discovery of the —_ of the spectroscope has made 
this seeming impossibility possible. Comte’s system of 
positive philosophy was founded upon tbe assumption 
that there were some things that men positively could 
not know; that it was useless to look for it or to hope 
for it; and this was one of them. Let me read to you 
his exact language: 

‘Of all objects, the pianets are those which appear 
to us under the least varied aspect. We see how we 
may determine their forms, their distances, their bulk, 
and their motions, but we can never know anything of 
their chemica! or mineralogical structure; and, much 
less, that of organized beings living on their surface.” 

Although the word “ planets” is used in the trans- 
lation of this sentence, it is of the stars that he is 
speaking, and the argument — equally to the 
planets and the fixed stars. he fact that to-day 
what he pronounced forever impossible, and there was 
no one to tell bim nay, has already been attained, 
should be a lesson to us never to be positive of the im- 
possibility of attaining any sort of knowledge. What- 
ever knowledge man has sufficient conception of to 
imagine a theory with regard to, there is, so far as we 
know, a possibility of his reaching, in some way and at 
some time. As with regard to the wathemutical com- 

utation that no steamship could ever cross the At- 
antic, because the coal would not furnish sufficient 
power for its own transportation, it seems as if the very 
announcement of an impossibility served but asa pre- 
lude to emphasize the warve!ous achievement. 

Before the invention of the telescope an object upon 
the moon’s surface fifty miles in diameter could nok be 
seen; and it seemed impossible that men should ever 
know anything abont lesser objects. By the argument 
of Comte, man was forever debarred from knowing 
about such objects. Leaving out of view the possibil- 
ity of optical magnification, the sense of sight having 
already reached the limit of its power, there was no 
basis left for further discoveries; and among absolute 
im possibilities, quality was no more to be rejected as 
unattainable than quantity. The invention of the 
telescope has introduced a new element before un- 
thought of; and it has taught us the first mode of 
measuring the invisible; which is, first to make it 
visible, by magnifying it optically. The thousands 
of minute craters upon the moon’s surface can now be 
measured; whereas before the invention of the tele- 
scope their existence could not be suspected. We have 
not yet learned what limitation attends this mode of 
magnification. Each new large telescope, making vis- 
ible and measurable that which was before invisible, 
leads to the construction of another larger telescope; 
and the end is not yet. The great refractor of the 
National Observatory, when I was there, had an 
averture of less than ten inches. Then came the 
Harvard refractor of fifteen inches. The Chicago 
telescope of eighteen inches succeeded. Others still 
larger followed, until the new refractor of twenty-six 
inches aperture replaced the old one at Washington, 
At last has come the Lick telescope of thirty-six inches, . 
eclipsing all predecessors, And even now the Clarks 
are engaged in the construction of a still larger tele- 
scope, which is expected to excel even the Lick tele- 








scope. 

Not only may we have larger telescopes, but new 
discoveries in the manufacture of the lenses may so 
improve their definition, by getting rid of the irration- 
ality of the spectra, as to still further increase their 
magnifying power. Such improvements cannot add 
much in the observation of excessively faint objects, 
but may add materially in observations where defini- 
tion is required rather than light. 

It will take many years to double the power of our 
largest telescopes, if it can ever be done; and it is 
natural to suppose that the power of measurement 
wast await the improvement of the telescope. We 
may measure the invisible by first making it visible; 
but how can we measure it if we cannot make it 
visible? The sight is our _ sense which reaches 
beyond our own little planet. If we cannot take cog- 
nizance of a distant object by our vision, how can we 
know that it exists ? 

* A locture delivered before the astronomical department of the Brook- 





ye Institute. October 13, 1880, and iilustrated with lantern views and 
iugrams.—From the Sidereal Messenger. 
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One answer to this question it is not difficult to find. 
In an eclipse of the sun, we cannot see the moon; but 
we know that it exists from its intercepting the rays 
of the sun. Even if we never saw the moon at any 
other time, we should know in a solar eclipse that it 
existed. Or if that is considered too metaphysical, I 
will pass at once to another illustration, 

The irreguiarities in the proper motion of Procyon 
have been found to indicate that it ix accompanied by 
a body invisible to us, and yet of sufficient mass per- 
ceptibly to affect its motion. Procyon and this invisi- 
ble body revolve around a common center of gravity. 
We know that this dark body exists, and we know ap- 
proximately its direction from Procyon and the period 
of its revolution. But these facts do not give us any 
means of measurement. We cannot learn from these 
facts, so faras I can see, anything whatever with re- 
gard to the distance between the bodies, or their rela- 
tive size, or absolute size, or anything which can 
te pe be called a measurement. In like manner 
and still earlier, Sirius was found to have an irregular 
proper motion, inducing the belief that it was attended 
by an invisible companion. The subsequent discovery 
of the companion of Sirius, very faint but of consider- 
able size, while it confirms the hypothesis of the cause 
of the irregularities in the motion of Procyon, makes 
it no longer possible to cite Sirius as an illustration of 
a bright star attended by a known invisible compa- 
nion. 

It has long been thought not improbable that the 
variable star Algol is accompanied by a dark body 
which, at each revolution, comes between us and the 
principal star, and cuts off a portion of its light. caus- 
ing its brightness to fall from the second to the fourth 
magnitude. Here all that we see, and all that any 
telescope can show us, is the diminution of the light. 








shows that there are certain degrees of refrangibility 
which do not exist in the sunlight as it comes to us. 
It was the discovery by Kirchhoff, in 1859, of the cause 
of this, of the way in which these kinds of rays in the 
original light from the incandescent body of the sun 
are weeded out of the continuous spectrum by glowing 
gases in the sun’s atmosphere, which was the first step 
in the science of spectroscopy. 

When common salt is put into the flame of a Bunsen 
burner, instead of its light becoming diffused in a con- 
tinuous spectrum, it is wholly confined to two narrow 
lines, close together. Upon comparing the position of 
these two lives with the lines of the solar spectrum, it 
had been found that they exactly, or at least very 
nearly, corresponded with Fraunhofer’s two D lines. 
Kirehhoff traced the identity of the lines, and showed 
it demonstrated the existence of the vapor of 
sodiam in the sun’s atmosphere. It is remarkable 
how nearly the discovery had been made wany years 
before. Even before the discovery of the lines in the 
solar spectrum, Euler, reasoning from the nature of 
wave motion, had enunciated the principle that 
* Every substance absorbs light of such a wave length 
as coincides with the vibrations of its smallest parti- 
cles.” 

Again, in 1853, Angstrom enunciated the principle 
that ‘A luminous gas absorbs rays of the same re- 
frangibility as those which it emits.” But although 
these principles were enunciated, there does not ap- 





pear to have been any attempt to verify them by ex- | 


periment, or any clear conception of the resulting 
consequences, until the observations of Kirchhoff in 
1859. From direct comparison of the two 


sodium lines with the two dark D lines of the solar|as rapid as before entering upon the bridge. 


ing up the octave, would have its notes all reach us 
together ; and apon going another mile all would be 
reversed, the high notes coming first, apparently de. 
scending the scale as in the tune of Antioeh. 

The mode of measuring the wave length of the differ. 
ent colors, and the effect of wave length upon refrangi- 
bility, I cannot well explain without diagrams, and wi)! 
defer for the present. But there is one other prelimin- 
“7 suggestion I can make now. 

he refrangibility of light depends upon its wave 
length. When a wave strikes a refracting surface, 
what determines the degree of the refraction? That 
wave passes along in its refracted course without wait- 
ing for the next wave. Each wave is refracted inde- 
pendently. My explanation is this: The force of light 
is divided between the different waves emitted within 
agiven time. There being twice as wany violet rays, 
each has but one-half the force of the red light, it is 
therefore wore retarded by the denser medium, and 
for that reason bent farther from its course. The fact 
that red light has sufficient force to penetrate the mists 
of the morning and evening sky, when the violet rays 
are stopped. indicates the probability of the correet- 
ness of this explanation. 

The retardation of waves of light by a refracting 
medium can be illustrated effectively, I will not under- 
take to say with how much accuracy, by comparing 
them with a person attempting to cross Brooklyn 
bridge at a time when it is socrowded that he is com- 
pelled to forget good manners and push his way by main 
force. The more dense the crowd, the slower his rate of 
progress. The stronger he is, the faster he can get 


bright | along. The moment the way is clear he resumes a pace 


So the 


spectrum, and from observation of the effect of a so-| waves of light, however much they are retarded in 
dium flame to produce the same two dark lines when | passing through a dense medium, do not lose their 


If we knew that the dark body passed directly and/|a bright light shone through it, Kirchhoff was con- | 
vineed of the existence of the vapor of sodium in the| tion, but, as shown by their outward refraction at the 
suu’s atmosphere, and at once proceeded to investigate | second surface of a lens, they pass onward with una- 
what other chemical elements could be found to exist | bated vigor and speed. 


centrally between us and the bright star, this would 
give us av approximation to the relative sizes of the 
two bodies; but even upon that hypothesis we could 
not know their actual size or distance. It is manifest 
that if the plane of the orbit should be, as it would be 
most likely to be, inclined to the line of sight (the line 


in the sun’s atmosphere by the appearance of their 
lines in the solar spectrum. His most remarkable re- 


sult was the discovery that more than sixty dark lines| wave length, but upon the relative wave 





joining Algol and the earth), the dark body might not 


in the solar spectrum exactly coincide with as many | We 


| 


progressive force, as if they had been detained by frie- 


It is an important consideration that the effect of a 
refracting medium does not depend upon the absolute 
length. 
of this with reference 


have an_ illustration 


pass entirely across the disk of the other; so that it is|of the bright lines produced by the vapor of iron;|to the waves of sound in the whistle of a passing 


impossible to say how much larger the dark body is. | demonstrating the existence of iron in the form of va-| locomotive. 
And later there have| higher than it wonld be if stationary, and the moment 


In the existing state of oar knowledge it seems proba- 
ble that the dark body is the smaller of thetwo. It od 
ditticult to understand how one body can be glowing 
with heat, while another body of equal or larger size, un- 
der very similar conditions, is so cooled down as to cease 
to be luminous. To reduce this difficulty as much as 
possible, it is assumed that the dark body passes 
nearly centrally over the other at each revolution, and 
that its size is only enough to account for the amount | 
of light obstructed. This does not remove the diffi- | 
culty, but it reduces it. In any event there is so mach 
hypothesis mixed with our known facts that our re- 
sults cannot properly be called results of measure- 
ment, and such results are not measures of the invisi- 
ble. 

Yet we are not left to mere hypothesis in this case. 
The telescope enables us to measure the invisible by 
first making if visible; the spectroscope enables us to 
measure the invisible without making it visible; and 
this is the matter which | wish to-night specially to 
— 

,et me first remark that the spectroscope not only 
upsets our preconceived notions of the possibilities of 
things, but reverses the order of its revelations. When 
an object is presented to our view, we first form some 
idea of its form, its distance and its size; and the in- 
vestigation of its nature, and the nature of the snb- 
stances of which it is composed, comes afterward. But 
in these mysterious revelations of the spectroscope in 
the stellar universe, it first revealed to us the nature 
of the substauces of which the stars were composed ; 
then whether gaseous or solid, whether of a high or 
low temperature; and its last achievement is the mea- 
surement of distances and of masses. 

The principal star in the constellation Capricornus | 
is a double star known before the invention of the 
telescope. The apparent distance of the two stars is 
about 6. Soon after the application of the telescope 
to astronomical research it was found that there were 
wach closer double stars, so close as not to be distin- 
guishable by the naked eye. Every advance in the} 
improvement of the telescope has brought to our 
knowledge stiil closer double stars, the distance be- 
tween them being so wagnified as to become visible | 
and measurable. But the spectroscope has revealed to 
usa double star so close that no telescope will show 
the distance between the two stars, although each one 
of the two stars is bright enough to be visible to the 
naked eye; and I shall endeavor to explain to you how 
it is capable theoretically of revealing to us the du- 
plicity of stars so optically close that no possible tele- 
scope of the future could ever separate them. 

In order to make this intelligible, it will be neces- 
sary for me to explain what the spectroscope is, and 
how it gives us inforwation. As preliminary to that. 
and to make its indications certain, on their face, I 
must speak of the nature of light, and especially of 
color. I shall speak of these points with sole reference 
to explaining and demonstrating this latest achieve- 
ment of the spectroscope. 

I will not go back in the history of the spectroscope 
to the time of the flood, when the colors of the rainbow 
first attracted attention; buat will begin with the time 
of Newton, who in 1664 studied those same colors, pro- 
duced by refracting the sun’s rays through a glass 
prism. He found the solar rays to consist of rays of 
different degrees of refrangibility. When the aperture 
through {which the sunlight was received upon the 
prism was a circular hole in the shutter, each kind of 
light formed a circle in a different place, according to 
its refrangibility, the different circles lapping over each 
other and wingling their colors. By changing the form of 
the aperture to a slit, he found that the colors became 
much more pure. Carrying out the same plan to greater 
perfection, Wollaston observed in 1802 some of the 
principal dark lines in the spectrum, which he consid- 
ered as the boundary lines between the different pure 
colors. These lines were carefully observed and 
map by Fraunhoferin 1814. Were the rays of light 
of all degrees of refrangibility between certain limits, 
there would be no dark lines. In the continuous spee- 
trum of an. incandescent non-volatile substance, such 
as carbon under ordinary conditions, there are no dark 














jines. The existence of these dark lines in the sunlight 


por in the sun’s atmosphere 
been found to be no less than 460 iron lines in the 
solar spectruin. Various other chemical elements are 
also identified. But for my present purpose it is 
enough to have made it apparent that the cause of the 
dark lines in the spectrum of the sun and of the stars 
is known, and that we can safely rely upon the con- 
clusions which follow from the phenomena which we 
observe in relation to them. 

The general laws of optics are most readily under- 
stood when light is conceived of as an emanation of 
particles. But investigation has shown that this is not 
its true nature. It really consists of vibrations, or 
waves, or modulations ; and it is necessary to take that 
view of it in order to understand the phenomena I am 
about to explain. 

Waves of light consist of alternate condensation and 
rarefaction of the ether. It is stated in the books 
that the different kinds of light move with the same 
velocity, but that the wave lengths, or the distances be- 
tween the points of greatest condensation, vary. The 
shorter the wave length, the more is the ray affected 
by arefracting medium. This is a fandamental princi- 
ple; and I think a few suggestions, founded upon facts 
within our own observation, will be sufficient to es- 
tablish the principle that the extreme red and the ex- 
treme violet rays of light move with the same velocity. 

For convenience I will assume that if there is any 
difference, the violet rays move more rapidly than the 
red ; since with equal wave lengths the extreme violet 
rays would move nearly twice as fast as the extreme 
red. In a total eclipse of the sun, when the sun 
emerges from behind the moon, all the rays start from 
the moon’s edge toward the earth at the same instant. 
If the violet rays moved most rapidly, they would 
reach the earth first. and the first glimpse of the sun 
would be an intensely violet streak of light. For the 
same reason, the last glimpse of the sun before the 
totality would be an intensely red streak of light. No 
such difference has been noted. Butas the difference 
is only for the gain of the violet rays in the distance 
from the moon to the earth, which the light traverses 
in little over a second, the time during which the effect 
would be visible would be but a fraction of a second. 

Let us take then an eclipse at a greater distance. 
When the shadow of the first of Jupiter's satellites 
falls upon its disk, it takes forty minutes for the light 
to reach us. If the violet light moved twice as rapdly 
as the red, there would be red rays still reaching us 
for twenty minutes after the violet rays had been cut 
off. During those twenty minutes the shadow would 
have moved over one-seventh of Jupiter’s diameter. 
There would therefore be a fringe of red light next the 
shadow and following it, extending across one-seventh 
of Jupiter’s diameter, gradually approaching white- 
ness. For the same reason there would be a fringe of 
violet light next the shadow and preceding it for an 
equal distance. The fact that no color is observed 
proves that if there is any difference in the velocity of 
the light of the two colors it is exceedingly small. We 
have still another test, more delicate still, although not 
resting upon so sure a foundation. If the diminution of 
the light of Algol arises from the interposition of a dark 
body, as seems probable, we have the distance between 
Algol and the earth, in which the different colors pur- 
sue their race ; so that if during that distance either 
gained many minutes upon the other, it would become 
evident by giving to Algol a corresponding tinge dur- 
ing the latter part of the period of its minimum. In 
some variable stars a red light is seen; but to be pro- 
duced by this cause it must be supplemented by an 
equally observable violet light ; which has never been 
seen, although carefully looked for. We may consider 
it demonstrated, therefore, that light of all colors 
moves with the same velocity. 

The analogy between waves of sound and waves of 
light gives another illustration. If the same principle 


of more rapid motion for short wave lengths were ap- 
plied to music, the high notes would reach us sooner 
than the low notes; so that in listening to strains of 
music in the distance, the high notes would reach us 
& quaver or semi-quaver too soon. Carrying it still fur- 
ther, at the distance of a mile the first line of Duke 
Street, ‘Lord, when Thou didst ascend on high,” go- 
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As it approaches us the pitch is a little 


it has passed, the sonnd becomes perceptibly lower 
while it is receding. To return to the bridge illustra- 
tion, if the crowd is moving in the same direction with 
ourselves, we can get along much faster than if it is 
moving in the opposite direction. The fact that we 
are moving toward a star does not inerease the re- 
frangibility of its waves bv shortening their absolute 
wave length or by weakening theirforce. But it dimi- 
nishes their relative wave-length, and it diminishes 
their power of progressing through the obstacle of a 
dense medium ; and thus it diminishes their velocity, 
and this increases the refrangibility. 

If we were to approach the sun with the speed of 
light, 200,000 miles per second, carrying with us a re- 
fracting prism, there would be twice as many waves 
striking the prism each second, which would make 
the relative wave-length only one-half. The result 
would be that the extreme red rays, at the line, A, 
would occupy nearly the position of the extreme violet 
ra\s, at the line, H. If we were toapproach the sun 
at 200 miles per second, the lines would be shifted only 
yhoo €8 much, butin the same direction. That is, the 
line, D', would nearly coincide with the line, D?. If 
then we were to find a fixed star in whose spectrum the 
sodium lines appear, and if upon comparing the posi- 
tion of its spectrum we should find its D' line to cor- 
respond with the D* line of the sodium flame, we 
should know that we were approaching that star or it 
was approaching us at the rate of about 200 miles per 
second. 

Here we reach the measurement of the invisible 
without making it visible ; for there is no magnifying 
power which will enable us to see the motion of a star 
from or toward the earth. The only way it can be- 
come visible is by the enlargement of its disk when 
approaching us ; and in the case of a star too distant 
to have a disk, of course this would be imperceptible. 

This method has been applied to many stars, with 
varying results, indicating motions relatively to the 
earth, sometimes toward and sometimes away from us. 

This method was recently applied to the star Algol, 
by Vogel. He measured the positions of the lines at 
different periods with reference to its minimum phase, 
and found that before the minimum Algol was reced- 
ing from us, and that after the minimum Algol was 
approaching us. He repeated these observations 
often enough to make it certain that the change of its 
motion was connected with its apparent brightness. 
Although he could not see any companion, it was evi- 
dent that there must have been a dark companion 
with similar and opposite motion, the two revolving 
about a common center. He deduced certain results 
with regard to the masses of the two stars thus con- 
nected with each other ; but there seems to have been 
introduced as a link in the chain of reasoning more or 
less conjecture. I prefer, therefore, to pass on at once 
to another more remarkable discovery of the same 
character, which was made at about the same time by 
Professor Pickering at Harvard. 

In photographs of Mizar, showing its spectrum, it was 
observed that some of the darker lines appeared 
double. At other times the same lines appeared single. 
By taking repeated photographs there was found to be 
a periodicity about this duplication of the lines, so 
that it could be predicted. hat was the cause of it? 
Manifestly that the star Mizar, never seen optically as 
double in the most powerful telescopes, nevertheless is 
a binary star, the two components revolving around 
a common center of gravitv in twice the period of the 
duplication of the lines. For calling the two stars A 
and B, when A is approaching and B receding, their 
lines will be separated by the difference of their rela- 
tive motion ; when A is nearest and B the most dis- 
tant, neither will have any motion to or from the 
earth, and the lines will coalesce; then A recedes and B 
approaches, the lines again separating, but being 
transposed from their former position ; and finally A 
will be most distant and B the nearest, when the lines 
will a second time have coalesced. Since the duplica- 
tion occurred every 52 days, it is manifest that the 
period of revolution is 104 days. 

It will be noticed that the distance of Mizar from the 
earth has no relation to this duplication of the lines; 
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i nds wholly upon the rate of motion of the two 
see A and oan with the wave — 
of the undulations of light. Were Mizar a million 
times, or willions of rillions of times, as far away as it 
actually is, the separation of the lines would be the 
same ; all the difference would be that being more dis- 
tapt the star wou!d be more fainter, and being fainter 
its spectrum could not be so easily seen. Were our sun 
to be gradually removed from Mizar, the lines would 
grow fainter and fainter until they disappeared, but 
the amount of their separation would remain uniform. 
Nor does the distance of the stars A and B from each 
other at all affect the separation of the lines. Were 
they a million times as far apart, moving with the same 
velocity, the ration would remain the same ; or 
were they a willion times as near together. moving 
with the same velocity, the separation would remain 
the same. 


The first thing aseertained from these observations | p 


was the period of revolution. Next we have the ac- 
tual rate of motion. The relative motion causing the 
division of the lines is the sum of the motion of the 
two bodies, The two lines appeared equal in blackness, 
showing that the two stars are nearly equal in bright- 
ness; from which it may be inferred that they are 
nearly equal in mass, If so, the indicated motion of 
100 miles per second is twice the actual motion of rev- 
olntion. But as by the laws of motion it makes no 
difference in what proportion the mass is divided be- 
tween the two bodies, it will be the most convenient to 
speak of one of the stars as stationary and the other 
in motion. We may now determine the size of the 
orbit ; for if the motion is 100 miles per second in a 
circular orbit, and if it requires 104 days of such mo- 
tion to complete the orbit, the cireamference of the 
orbit must be about 900,000,000 miles and the distance 
of the twostars about 143,000,000 miles. This is but 
two million miles greater than the distance of the 
planet Mars from the sun, whose period is 687 days. 
As its actual motion is more than six times as rapid, 
revolving through the same distance in 104 days, the 
mass must be increased, to preserve a circular orbit, 
by the square of this ratio; showing that the mass of 
the two stars is about forty times the mass of our sun. 

A few additional and new computations, based upon 
the most available assumption of brilliancy, may be 
interesting. Dividing this mass between two stars of 
equal density with our sun, and of equal brightness of 
disk, they would give about 15 times as much light. 
Adopting Sir John Herschel’s estimate of the compar- 
ative brightness, that would correspond to a distance 
from us 9,000,000 times greater than that of the sun. 
This would correspond with a parallax of one forty- 
fifth of a second and a distance which would require 
nearly 150 years for light to travel. In miles, the dis- 
tance would be 880 millions of millions of wiles. The 
distance of the two stars optically would be one thir- 
tieth of a second, far beyond the reach of Barnham 
with any telescope he will ever live to look through. 

We have therefore the elements of the orbit thus de- 
termined, the distance apart of the two stars, the pe- 
riod and the masses. These elements are only approxi- 
mate, however, for we have assumed the oye of the 
orbit to pass nearly through the earth. If the plane 
were at right angles with the line joining the star and 
the earth, there would be no relative motion of ap- 
proach or recession, and no separation of the lines. 
Another star of equal brightness might be composed 
of two stars of the same size revolving in precisely the 
same manner, excepting that the plane of the orbit 
should be at right angles to us, and we could never by 
this method discover its duplicity. 

Suppose that the orbit is between these two positions. 
Suppose that it is at an angle of sixty degrees with the 
line of sight. In that case the actual relative motion 
would be twice as great as the apparent relative motion. 
The actual distance of the two bodies from each other 
would be twice as great as our calculations would show; 
and the combined masses would be four times as great 
to preserve circular motion at this increased distance. 

e have assumed circular motion. It would uire 
a very considerable variation from a circular orbit to 
make itself apparent, or to materially affect our re- 
sults. With an orbit as eccentric as some of the aster- 
oids, the motion would be a little faster at a given dis- 
tance with a given mass; so that a little less mass 
would be required than fora cirenlar orbit. But the 
difference would be very much less than the uncer- 
tainty in the determination of the exact separation of 
the lines, and very much less than the uncertainty in 
the position of the orbit. Indeed it is manifest that if 
the plane of the orbit were very nearly at ri¢t angles 
with the line of sight, and yet the relative apparent 
motion sufficient to produce an appreciable separation 
of the lines, our computations by the above described 
method wouid be widely in error. On the other hand 
there might be a considerable deviation of the plane 
from coincidence with the line of sight, without mate- 
rially affecting the computations ; and the chances are 
strongly in favor of the supposition that the main ele- 
ment of uncertainty is the exact determination of the 
amount of the separation of the lines. If such dis- 
coveries should be many times repeated, including 
many fainter stars, it would then become probable 
that among them all there would be one or more to 
which our mode of computation would not accurately 
apply. The question would then arise for science to 
devise some new test to meet this emergency. And 
difficult as is the problem, we may reasouably expect 
success. 








THE REJUVENESCENCE OF CRYSTALS. 


A LECTURE was recently delivered at the Royal 
Institution by Professor J. W. Judd, who introduced 
into his discourse several comparisons between the 
growth of crystals and animal and vegetable life, 
which rendered the curiosity-exciting title of ‘* The 
Rejuvenescence of Crystals” extremely appropriate. 
The introduction of the microscope into the domain of 
crystallography, the lecturer said, has effected a wide 
extension of knowledge concerning crystal morphology 
and crystalogenesis. Since the days of Robert Boyle 
the investigations of numerous savants in Holland, 
Germany, and France, and of Brewster and Sorby in 
England, have opened up a new field of research to 
the scientist. The knowledge thus uired has been 
of inestimable value to the geologist, who is compelled 
to appeal to the experiments and deductions of chem- 
ists and physicists for instances of analogy. Bat the 





debt is more than repaid by the new light thrown on 
questions concerning the formation of crystals by the 
investigation of natural crystallization by 
Nature is i in the expenditure of time upon 
her handiwork, her slow elaboration of crys 
during millions of years accounts for the presentation 
by some natural products of curious phenomena that 
are not reproducible in test tubes and crucibles, al- 
though the causes of these phenomena may be deter- 
mined by analysis. The first property of crystals to 
which Professor Judd drew attention was their pos- 
session of the power of resuming growth after an in- 
terval, no apparent limit of time existing after which 
resuinption of growth cannot take place. Independent- 
ly of the proofs of the truth of this axiom furnished 
from the laboratory, geology affords numerous examples 
of resumption of growth after an interim of willions of 
years, and also indicates that crystals formed by one 
rocess way continue their growth by auvother and 
completely different one. Thus y wety found in mol- 
ten lava and crystallized froma 

itself with new matter and continues to grow when 
exposed to the action of silica in the state of solution, 
and ap analogous instance isafforded by feldspar. To 
this alternate cessation and resu —s of growth is 
due the formation of ‘‘zone” crystals, in which succes- 
sive shells of different color and ap ce have been 
incorporated, as may be frequently observed in the 
colorless shell surrounding a crystal of the amethyst 
variety of quartz. 

The growth of ple as in the case of animals and 
plants, is powerfully influenced by prevailing circum- 
stances, and in the mineral kingdom the principal fac- 
tors to be cousidered are the temperature, the rate of 
deposition, the supply of materials and the presence of 
foreign bodies in juxtaposition. Recent investigations 
have shown that the presence of infinitesimal traces of 
some foreign bodies like water, fluorides, ete., may pro- 
duce marked modifications of crystalline form, and al- 
though not entering into the composition of the crys- 
tals, appear to be necessary to that function. Hence 
they have received the appellation ‘‘ mineralizers,” and 
tnay be viewed as analogous to the diastase and ferments 
of theorganickingdoms. This action sometimes makes 
itself evident in the change of habit in the system, for 
instance, growing alum crystals pass from the octahe- 
dral to the cubic form if a trace of carbonate of potash 
be added to the solution, and it is remarkable that the 
crystals do not increase in measurement until the cubic 
form is assumed. The differences inv color produced 
within the crystals by surrounding influences may be 
very marked or comparatively trivial, and the zones 
of color sharply defined or almost imperceptibly inter- 
mingled. 

Chauges in rate of growth may be indicated by the 
formation of irregular cavities within the crystal, filled 
with gas, liquid or vitreous substance, according to the 
origin of the crystals from volatile vapors, solution or 
a fused masse. These characteristics were beautifully 
illustrated by the lecturer, by means of specimens, dia- 
grams and microscopic sections of crystals. A specimen 
of leucite was shown in which the original crystal had 
been corroded by the action of solvents, and the dis- 
solved portion partially replaced by foreign amorphous 
matter during further growth. Another leucite crys- 
tal contained a ring deposit of hornblende, an augite 
crystal showed deposits of feldspar and magnetite, while 
the presence of oxide of titanium had been established 
ina specimen of mica. 

In most cases Professor Judd pointed out that a suc- 
cession of zones in a crystal is produced only by sub- 
stances having analogous composition, as by the farther 
growth of a chrome alum crystal in a potash or am- 
monium alum solution ; but it is not necessary that the 
constituents of such a crystal be absolutely isomorph- 
ous, as isshown by theshells of red tourmaline frequent- 
ly found eurrounding green tourmaline. Further, the 
monoclinic augite sometimes forms compound crystals 
with the rhombic enstatite, cleavage cracks passing 
through both substances alike. It is evident that this 
intergrowth is not due to similarity of crystalline form, 
but to analogy in chemical composition, and similar 
instances may be cited of compound crystals of calcite 
and sodium nitrate, and of zircon (a silicate of zir- 
conium) with yellow xenotite (a ome of cerium 
and yttrium). At this stage of the lecture Professor 
Judd also exhibited various varieties of quartz, includ- 
ing a capped specimen, in which a zone of foreign ma- 
terial had formed a plate of weakness that rendered 
the detachment of a ‘‘cap” easy, and specimens of 
cotterite and red and amethyst quartz, in which the 
characteristic appearances are due to the occlusion of 
carbonate of iron and its subsequent partial or total 
conversion into oxide. The second property of crystals 
to which the lecturer made reference was the capability 
of repairing injuries during subsequent growth, and this 
_— of the lecture was introduced by the experiments of 

rankenheim of mutilating crystals and watching their 
further development under the microscope. e ques- 
tion how far by artificial mutilation particular forms 
can be given to crystals was next considered, but so 
much contradictory evidence exists that Professor Judd 
was able to make very few definite statements. In 
1851 Lavelle showed that by cutting off one corner of 
an alum crystal and placing this mutilated side down- 
ward in an alum solution, the crystal resumes growth, 
but always retains a plane representing the artificial 
surface. On the other hand, in 1881 Loir showed that 
if injuries toa crystal be not too deep they will heal 
themselves before farther growth of the crystal occurs, 
and by experimenting with alum crystals, he found 
that mutilated surfaces added new material more 
rapidly than thesound. As illustrations of such after- 
growth, Professor Judd exhibited microscopical sec- 
tions of sand grains and of secondary outgrowths in 
hornblende. These considerations led to a compari- 
son of the inorganic with the organic world. Only the 
rhizopods, corals, ete., of the animal kingdom are capa- 
ble of ae themselves from portions cut off 
from their bodies, but in the vegetable kingdom in- 
stances of this nature are very numerous, while in the 
inorganic world the minutest fragments are capable of 
resuming growth after any interval of time has 
elapsed. 

A third property of crystals referred to by the lec- 
turer is that “two crystals of totally distinct sub- 
stances may be so intergrown as to occupy the same 
space, or rather to oceupy space between the same 

lanes.” A familiar example is the Fontainebleau sand, 
nto the composition of which 40 per cent. of calcite 
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enters without altering the crystalline structure. Pro- 
fessor Judd also exhibited a specimen of orthoclase 
intermingled with quartz, in which each constita- 
ent might be said to form the crystal, since both opti- 
features it was a perfect crys- 
tal of orthoclase on the one hand and of quartz on 
the other. Owing to this property or tendency to re- 
tain a certain crystalline form, a crystal may undergo 
profound internal changes, affecting optical and other 
properties, but so long as portions of the original re- 
main, it is still capable of repairing injuries. These 
internal changes may be oy about by the eolvent 
action of exterior me which leads to the permea- 
tion of the crystal liquids and formation of cavi- 
ties (negative crystals) filled with products of decom- 
position. This solvent action is well illustrated by the 
epeescunee of negative crystals, or ice flowers, in a 
block of ice when a beaw of light is directed through 
it, and the Schiller structures in labradorite are also 
of analogous nature. The appearances of cloudiness 
and opalescence and the play of color and reflections 
at certain angles observed in some crystals are dueto 
such internal alterations having taken place along 
certain planes by operations of this kind. All these 
three properties of crystals, Professor Judd said, are 
represented in the structure of granite, which was real- 
ly the text of his lecture, although vot delivered until 
its conclusion. In a section of tertiary granite from 
the Isle of Mull, Professor Judd pointed out the inti- 
mate incorporation of quartz and feldspar and the evi- 
dences of the struggle for dominion between these 
ee Sane exhibited in the druses or internal 
cavities. 








ELECTRIC BLEACHING. 


BLEACHING agents can be obtained from chlorides 
by electrolysis. Beequerel, in his Hlectro-chimie, 
showed that chlorine and sodium were the products of 
the decomposition of sodium chloride by the current 
from a 30-cell battery. Brand, in 1820, suggested that 
bleaching should be done by electrolysis of sea salt. 
Bouis showed, in 1862, that when chlorides are eleectro- 
lyzed, hypochlorites are always formed if the tempera- 
ture is not raised, aud chlorates if the solution is used 
warm. Watt in 1851, and Hunter in 1857, also proposed 
to bleach by electricity, the former taking out a patent 
for his process. Ip 1862 Fitzgerald aud Molloy obtained 
hy pochlorites from chlorides by electrolysis, and further 
showed how the hypochlorites which had been exhaust- 
ed in bleaching could be regenerated. In 1883, Naudin 
and Bidet took up the question, and while in the labo- 
ratory they were very successful, they failed when they 
came to apply their experiments on a large seale, ‘ 
Hermite began his experiments in 1883, and at first used 
sodium chloride; then he tried calcium chloride, and 
now finally he uses magnesium chloride, considering 
it to be the best salt. An electrolyzer is used made of 
galvanized cast iron, and from a pipe which runs along 
the bottom the solation of the electrolyte flows, while 
a channel near the top of the electrolyzer carries off the 
electrolyte to the bleaching tanks. he cathodes con- 
sist of a number of zine disks mounted on a revolving 
spindle, and between each pair of zines is the anode, 
formed of platinum gauze wounted in an ebonite 
frame. Generally a current of from 1,000 to 1,200 am- 
peres at a pressure of five volts is used. 

The anode ought to be a good conductor. cheap, and 
must not be attackable by the products of electrolysis ; 
carbon, it would appear, seems the best for tray oi 
pose, and it has been employed; but Hermite finds 
that the carbons become disintegrated, and are there- 
fore useless. Platinum is consequently the only sub- 
stance which can be satisfactorily employed, but its 
use makes the electrolyzers very costly, and this fact 
has tended to prevent electric bleaching coming into 


use, 

The interpretation of the various chemical reactions 
which take place during the electrolysis of the chlo- 
rides is difficult, though the formation of hypochlorites 
by the action of the chlorine liberated at the + pole 
upon the alkali liberated at the — pole seems a pro- 
bable explanation. This does not, however, explain 
the great bleaching power of the solution, which bears 
no relation to the amount of chlorine it contains. This 
apparently abnormal property may be explained, 
though not proved, as follows. The water being de- 
com at the same time as the water ozonized, oxy- 
gen is formed; this is soluble to a considerable extent 
in alkaline chlorides, and especially in magnesium 
chloride. Ozone has strong bleaching properties. Du- 
tet observed that in the electrolysis of alkaline solu- 
tions the amount of oxygen evolved was less than it 
ought to be, and after investigating the properties of 
the liquid he came to the conclusion that alkaline per- 
oxides having weak oxidizing properties were tormed, 
but these being unstable have not been isolated. Now 
one of the conditions of the electrolysis of the alkaline 
chiorides is the alkalinity of the liquid, and in this we 
have a possible explanation of the phenomena in ques- 
tion. Another one is the probable formation of un- 
known oxides of chlorine, the chemistry of which is 
rather obscure. 

Bat after all, the important question is—Will the 
electro-bleaching agents give results superior to chlo- 
ride of lime? M. Hermite, in a pamphlet recently is- 
sued, states that an electrolyzer produces in 24 hours 
the equivalent of nearly 2 cwt. of dry chloride of lime 
(100 kilos.) ; this is stated to cost 20 to 22 francs (16s. to 
17s. 6d.—in England this would only cost about 12s.) 
Where water power is available, M. Hermite places the 
cost at 5°22 francs (4s. 2d.), which shows a remarkable 
saving, only M. Hermite’s statements are not proved 
by figures. Where steam is used, the cost is given as 
follows: 

Fes, 
Ten horse-power for 24 hours, consuming 
240 kilos. of coal at 20 fr. the ton, . . 480 
Thirty kilos. sea salt at 5 fr. 100 kilos. . 150 
Six kilos. magnesium chioride at 12 fr. the 
100 kilos. . . ° 6) ily . . O72 
Interest and depreciation on dynamo and 
elec’ ° eo ees . 8:00 


yzer, . 
10°02 
ee 
Ten fr. —8s. In this estimate, taking 1 horse power 
hour as equal to 1 kilo. (22 1b.) coal at 20 fr. (168.) the 
ton, an economy of 50 per cent. is effected. With less 
efficient steam plant and inferior coal the saving is lens, 
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bat still it shows a decrease in cost from the chloride 
of lime process. The use of the Hermite process is in- 
creasing, especially in paper works. 


BLEACHING BY PERMANGANATE OF 
POTASH. 


POTASSIUM permanganate isa bleaching agent, whose 
powerful action has been, for years, known in practice. 
As far back as 1866, Tassié du Motay and others recow- 
mended this body as suitable for bleaching purposes, 
and, at the same time, mentioned the fact that the per- 
manganate process was successfully employed in several 

Pubetz, in 1870, contirming in the Industrie 

the earlier statements, considers the use of 
permangante particularlyadaptable to garment dyeing, 
and describes the bieaching method in detail. Quite 
recently, Scurati Manzoni (/nd. Blaett., 1889) again 
ealled attention to permanganate of potash as a bleach- 
ing nt, and published extensive experiments for a 
poastion method of applying it. I shall, says Mr. 
George Buchner, in the Teatile Colorist, give a brief 
abstract of these researches, believing that, at the pre 
sent moment, the potassium permanganate bleaching 
process has a claim to the interest of practicians, be- 
cause the price of permanganate is, at present, much 
cheaper than at any time before. The price of the pro- 
duct has fallen 45 per cent. during the past ten years, 
and, at this cheap rate, mostly a very pure product is 
furnished, which contains about 95 per cent. perman- 
ganate of potash, while, formerly, often manganates of 
very low reentage, or permanganate of soda, were 
used for bleaching, which may have caused many fail- 
ures, For this reason, also, new experiments in prac- 
tice are recommendable. The two principal methods 
proposed of bleaching with permanganate are the old- 
est one, which was worked out about 20 years ago by 
Tassié du Motay, Pubetz, and others, and the new pro- 
cess of Manzoni. 1. After the older method, the tissues 
or yarns of cotton, linen, hemp, wool, etc., being clean- 
ed with water, alkaline solutions, or soap baths, are 
laid down in a solution of potassium permanganate 
without, or with, an addition of sulphate of magnesia, 
until the bath is decolorized, that is, until the perman- 
ganate is decomposed, brown peroxide of manganese 
being precipitated upon the fiber, while a part of the 
oxygen of the permanganate affects the bleach. Chemi- 
cally, this process is expressed as follows: 2K MnO,+ 
3H,0—,.K HO4-Mn0O,H,0+30. By this action, free al- 
kali is evolved which, in many cases, as in bleaching 
silk or wool, would act injuriously. To obviate this 
difficulty, the solution is, before entering the yarns, 
mixed with sulphate of magnesia, which prevents the 
formation of free alkali—innocuous hydrate of mag- 
nesia and sodium sulphate being formed. After the 
tissues have thus been exposed to the action of the per- 
manganates, the oxides precipitated upon the fibers 
must be removed, for which purpose, the yarns are 
lifted from the bleaching liquor and washed in a dilute 


acid, it is passed to the neutralizing vat containing me- 
tallic tin and iron rust, where the excess of acid is neu- 
tralized, and the persalts are reduced as shown above. 
When an acid stannic solution is used, the method of 
proceeding is similar, the only difference being in the 
nature of the solvent. Instead of these solutions, dilute 
sulphuric or hydrochloric acid may be used in conjunc- 
tion with ferric oxide or its hydrate, but with these the 
action is somewhat slower, from six to twenty-four 
hours being required to remove the tin completely. 

The precipitation of the tin from the neutral stan- 
nous solution is effected by ranning it into vats con- 
taining clean metallic iron (serap previously freed from 
tin). The reaction goes on slowly, the tin separating as 
gray metallic powder or in brilliant crystalline graius ; 
but the reduction is complete, the exhausted solution 
showing not the slightest trace of tin. The precipitate, 
when washed and cleaned from iron by dilute sulphuric 
acid, is either welted or used for making tin salts. The 
green vitriol liquids from the precipitating vats are 
concentrated by allowing them to drop slowly over a 
large heap of cleaned iron serap, which causes a rapid 
evaporation and a deposit of ferrous sulphate on the 
metal. This may be washed off and purified as com- 
mercial copperas by recrystallizing, or it may be used 
for forming the acid liquor for dissolving fresh quanti- 
ties of tin. When the tinplate cuttings are varnished, 
the surface is cleaned by heating them with strong sul- 
phurie acid at a temperature of 100°, which destroys 
the varnish ina very short time, leaving the tin surface 
exposed. When zine is present, it should first be re- 
moved by treatment with dilute sulphuric acid as long 
as hydrogen is evolved. The plant and materials re- 
quired are both simple and inexpensive. From 1 to 
6 ewt. of chamber acid, worth from 1s. to 12s, are con- 
sumed per ewt. of tin obtained, worth £4 10s. to £5, in 
addition to 25 to 40 ewt. of iron, worth from £1 17s. to 
£4. The amount of coal required is inconsiderable. 
Both tin and iron are obtained in the highest state of 
purity. 
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solution of sulphurous acid. Ordinarily, the yarns 
must, several times, be alternately treated in baths of | 
rmanganate and of sulphurous acid, and, finally, the| 
leach material is washed clean. As regards the} 
uantity of permanganate employed in this process, | 
betz says; “A picnohing bath containing, according 

to the nature of the fiber to be decolorized, 4 to 10 Ib. 
of permanganate of potash or of soda, is sufficient to 
bleach 200 Ib. of cotton, linen, or hempen tissues or 
yarns.” In the chapter on bleaching wool or woolen | 
yarns, Pubetz further observes: ‘For 100 lb. well 
scoured wool, 4 lb. permanganate of potash or of soda 
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mast be mixed with 14¢ lb. sulphate of magnesia. Usu- 
ally, a barrel of sufficient capacity is taken for this| 
purpose, the solutions of J seg me and sulphate 
of magnesia poured in, and the material to be bleached | 
loosely laid down in it.” As regards the quantity of | 
sulphurous acid required for the acid baths, the follow- | 
ing is remarked : ‘the sulphurous bath is prepared in | 
a special vessel. As much sulphurous acid is poured 
into the water as is required to destroy the manganese 
oxide fixed on the fiber.” The wool, thus treated, is| 
washed clean in water, and, finally, entered into a soap | 
bath containing 14¢ lb. commercial soft soap, mixed | 
with sulphite of soda, 48 Ib. water, and % Ib. spirit of | 
sal ammoniac, sp. gr. 0°9. 


TIN FROM TINPLATE SCRAP. 
By Herr B. ScHULTZE. 


THE solvent action of acid ferric salts upon metals is 
well known, but the property has not hitherto been | 
utilized in the treatment of tinplate waste, for which | 
purpose it answers perfectly. The solvent used may | 
»e either acid ferric sulphate, acid stannic sulphate, | 
dilute sulphurie acid, or dilute hydrochloric acid, but | 
in the two latter cases ferric hydrate, in the form of | 
heavily rusted scrap iron, must be added. The tin, | 
when dissolved, is precipitated by metallic iron, for| 
which purpose, however. the solution must be perfectly | 
neutral, and contain only protoxide salts, as the simall- 
est excess of acid in the presence of persalts prevents 
the reaction. This condition is attained by passing the | 
solution through a mixture of iron rust, metallic tin, 
and metallic irou, when the following reactions take 

lace : 

. (1) Fe,O; 83H,0 + SnOSO, + 380, H,O — 2FeOSO,; + 
SnO, 280, 6H.0. 

(2) SnO, 280, + Sn — 2WnOSOs. 

(8) 28n080, -+- 2Fe — 2FeOSO, + 28n. 

The process, as practiced, includes three principal 
operations: 

1. The solution of the tin. 

2. The precipitation of the tin. 

8. The treatment of the waste liquor. 

When acid ferric sulphate is used, the tinplate cut- 
tings are placed in iron baskets and lowe into the 
solution contained in an open wooden vat. The tin 
covering is completely en off the iron in a very 
few hours. The basket is then lifted out, the contents 
washed in water and picked over by hand, to separate 
portions still covered with tin, while the remainder, 
which is clean malleable iron, is. pressed into balls for 
the heating furnace. The partially stripped portions 
are either returned to the dissolving bath or put aside 
to rust, in order to obtain waterial for the neutralizing 
vat. When the solution is saturated, as evidenced by 
its no longer acting upon fresh tinplate scrap, in which 
condition it contains mainly stannous and ferrous sul- 
phates, probably a little stannic oxide and some free 





moderate cost as well as the more expensive. Draw- 
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